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M easurem ents ofthe double-di erential production cross-section in the range ofm om entum
100 M eV=c  p  800 M eV=c and angle 0:35 rad    2:15 rad in proton{beryllium ,proton{
carbon,proton{alum inium ,proton{copper,proton{tin,proton{tantalum and proton{lead collisions
are presented.The data were taken with the large acceptance HARP detectorin the T9 beam line
ofthe CERN PS.The pionswere produced by proton beam sin a m om entum range from 3 G eV=c
to 12.9 G eV=c hitting a targetwith a thicknessof5% ofa nuclearinteraction length.The tracking
and identi cation of the produced particles was perform ed using a sm all-radius cylindricaltim e
projection cham ber(TPC)placed inside a solenoidalm agnet. Incidentparticleswere identi ed by
an elaboratesystem ofbeam detectors.Resultsareobtained forthedouble-di erentialcross-sections
d
2
=dpd atsix incidentproton beam m om enta (3 G eV=c,5 G eV=c,8 G eV=c,8.9 G eV=c(Beonly),
12G eV=cand 12.9 G eV=c(Alonly)).They arebased on acom pletecorrection ofstaticand dynam ic
distortions oftracks in the HARP TPC which allows the com plete statistics ofcollected data set
to be used.The resultsinclude and supersede ourpreviously published resultsand are com patible
with these.Resultsare com pared with the G EANT4 and M ARS M onteCarlo sim ulation.
PACS num bers:13.75Cs,13.85N i
I. IN T R O D U C T IO N
TheHARP experim ent[1]m akesuseofalarge-acceptancespectrom eterfora system aticstudy ofhadron
production on a large range oftarget nucleifor beam m om enta from 1.5 G eV=c to 15 G eV=c. This
correspondsto a proton m om entum region ofgreatinterestforneutrino beam sand farfrom coverageby
earlierdedicated hadroproduction experim ents[2],[3].
The m ain m otivations are to m easure pion yields for a quantitative design ofthe proton driver ofa
future neutrino factory [4],to provide m easurem entsto allow substantially im proved calculationsofthe
atm ospheric neutrino ux [5,6,7,8,9]to be m ade and to m easure particle yields as input for the
ux calculation ofaccelerator neutrino experim ents [10],such as K 2K [11,12],M iniBooNE [13]and
SciBooNE [14].
This paper presents our nalm easurem ents ofthe double-dierentialcross-section,d2=dpd for 
production atlarge anglesby protonsof3 G eV=c,5 G eV=c,8 G eV=c,8.9 G eV=c (Be only),12 G eV=c
N ow atFN A L,Batavia,Illinois,U SA .
yA lso supported by LPN H E,Paris,France.
zN ow at Im perialCollege,U niversity ofLondon,U K .
xITEP,M oscow,R ussian Federation.
{ N ow atTR IU M F,Vancouver,Canada.
 O n leave from N ovosibirsk U niversity,R ussia.
yyO n leave from Ecoanalitica,M oscow State U niversity,M oscow,R ussia.
zzN ow atCukurova U niversity,A dana,Turkey.
xxN ow atIIIPhys.Inst. B,RW TH A achen,G erm any.
{{ N ow at SpinX Technologies,G eneva,Switzerland;
on leave from IN FN ,Sezione diFerrara,Italy.
  N ow at U niversity ofR om e Tor Vergata,Italy.
y y yN ow atLBL,Berkeley,California,U SA .
z z zM iniBooN E Collaboration.
xxxN ow atSection de Physique,U niversite de G eneve,Switzerland.
{{{ Electronic address:m aurizio.bonesini@ m ib.infn.it
3and 12.9 G eV=c (Alonly) m om entum im pinging on a thin beryllium ,carbon,alum inium ,copper,tin,
tantalum orlead targetof5% nuclearinteraction length.A rstsetofresultson theproduction ofpions
atlargeangleshave been published by the HARP Collaboration in references[15,16,17],based on the
analysisofthedatain thebeginning ofeach acceleratorspill.Thereduction ofthedatasetwasnecessary
to avoid problem sin the TPC detectorresponsible fordynam ic distortionsto the im age ofthe particle
trajectoriesastheion chargewasbuilding up during each spill.Correctionsthatallow theuseofthefull
statisticsto be m ade,correcting forsuch distortions,have been developed in [29]and are fully applied
in this analysis. The obtained results are fully com patible within the statisticalerrorsand dierential
system aticuncertaintieswith thosepreviously published.Theincreaseofstatisticsisparticularly useful
in the 3 G eV=cdata sets.Com parisonswith M onteCarlo m odelsarethen shown fora lightand a heavy
target.
This paper,covering an extended range ofsolid targets in the sam e experim ent,m akes it possible to
perform system atic com parison ofhadron production m odels with m easurem ents atdierent incom ing
beam m om enta overa largerangeoftargetatom icnum berA.Resultsforpion production in theforward
direction arethe subjectofotherHARP publications[18,19,20].
Pion production data at low m om enta (’ 200 M eV/c) are extrem ely scarce and HARP is the rst
experim ent to provide a large data set,taken with m any dierent targets,fullparticle identication
and large detector acceptance. In addition,the acceptance ofthe large-angle detector ofthe HARP
experim entm atcheswellthe required phase space region ofpionsrelevantto the production of’sin a
neutrino factory (NF).It covers the large m ajority ofthe pions accepted in the focussing system ofa
typicaldesign.Forthe optim ization ofthe NF target,data weretaken with high-Z nucleartargetssuch
astantalum and lead.
Data were taken in the T9 beam ofthe CERN PS.The collected statistics,for the dierent nuclear
targets,arereported in tableI.
The analysisproceedsby selecting tracksin the Tim e Projection Cham ber(TPC),aftercorrectionsfor
staticand dynam icdistortions(seelaterfordetails),in eventswith incidentbeam ofprotons.M om entum
and polaranglem easurem entsand particleidentication arebased on them easurem entsoftrack position
and energy deposition in the TPC.An unfolding m ethod isused to correctforexperim entalresolution,
eciencyandacceptanceandtoobtainthedouble-dierentialpionproductioncross-sections.Them ethod
allowsa fullerrorevaluation to be m ade. A com parison with available data ispresented. The analysis
followsthesam em ethodsasused forthedeterm ination of production by protonson atantalum target
which aredescribed in Ref.[15]and willbe only briey outlined here.
II. EX P ER IM EN TA L A P PA R A T U S A N D D A TA SELEC T IO N .
TheHARP detectorisshown in Fig.1 and isfully described in reference[21].Theforward spectrom eter,
m ainly used in theanalysisfortheconventionalneutrinobeam sand atm osphericneutrinoux,com prises
ofadipolem agnet,largeplanardriftcham bers(NDC)[22],atim e-of-ightwall(TO FW )[23],athreshold
Cerenkovcounter(CHE)and an electrom agneticcalorim er(ECAL).In thelarge-angleregion acylindrical
TPC with a radiusof408 m m ispositioned inside a solenoidalm agnetwith a eld of0.7 T. The TPC
detector was designed to m easure and identify tracks in the angular region from 0.25 rad to 2.5 rad
with respectto the beam axis. The targetis placed inside the innereld cage (IFC) ofthe TPC such
that,in addition to particlesproduced in theforward direction,backward-goingtrackscan bem easured.
The TPC is used for tracking,m om entum determ ination and m easurem ent ofthe energy deposition
dE =dx forparticle identication [24]. A setofresistive plate cham bers(RPC)form a barrelinside the
solenoid around the TPC to m easure the arrivaltim e ofthe secondary particles[25]. Charged particle
identication (PID)can beachieved by m easuring theionization perunitlength in thegas(dE =dx)asa
function ofthetotalm om entum oftheparticle.AdditionalPID can beperform ed through atim e-of-ight
m easurem entwith the RPCs.
The m om entum ofthe T9 beam is known with a precision ofthe orderof1% [26]. The absolute nor-
m alization ofthe num berofincident protonswasperform ed using a totalof1,148,120 incidentproton
triggers.These are triggerswhere the sam e selection on the beam particle wasapplied butno selection
on theinteraction wasperform ed.Therateofthistriggerwasdown-scaled by a factor64.A cross-check
4FIG .1: Schem atic layout ofthe HARP detector. The convention for the coordinate system is shown in the
lower-right corner. The three m ost downstream (unlabelled) drift cham ber m odules are only partly equipped
with electronicsand are notused fortracking.The detectorcoversa totallength of13.5 m along the beam axis
and hasa m axim um width of6.5 m perpendicularto the beam .
ofthe absolutenorm alization wasprovided by counting tracksin the forward spectrom eter.
Beam instrum entation provides identication ofthe incom ing particle,the determ ination ofthe tim e
when it hits the target,and the im pact point and direction ofthe beam particle on the target. It is
based on a setoffourm ulti-wire proportionalcham bers(M W PC)to m easure position and direction of
the incom ing beam particles and tim e-of-ight detectors and N 2-lled Cherenkov counters to identify
incom ing particles. Severaltrigger detectors are installed to select events with an interaction and to
dene the norm alization.
Besidestheusualneed forcalibration ofthedetector,a num berofhardwareshortfalls,discovered m ainly
aftertheend ofdata-taking,had to beovercom eto usetheTPC data reliably in theanalysis.TheTPC
isaected by a relatively large num berofdead ornoisy padsand static and dynam ic distortionsofthe
reconstructed trajectories.Theapplied correctionsarebriey resum ed in the nextsection.
The beam ofpositive particlesused forthism easurem entcontainsm ainly positrons,pionsand protons,
with sm allcom ponentsofkaonsand deuteronsand heavierions.Itscom position dependson theselected
beam m om entum .The proton fraction in the incom ing beam variesfrom 35% at3 G eV/c to 92% at12
G eV/c.
Atm om enta higherthan 5 G eV=c protonsare selected by rejecting particleswith a m easured signalin
eitherofthebeam Cherenkov detectors.At3 G eV=cthetim e-of-ightm easurem entallowstheselection
ofpionsfrom protonsto be m ade atm ore than 5. Deuterons(and heavierions)are rem oved by TO F
m easurem ents. The selection ofprotonsforthe beam m om enta with the Cherenkov detectorshasbeen
described in detailin Ref[18]. M ore details on the beam particle selection can be found in Ref.[21].
The purity ofthe selection ofprotonsishigherthan 99% atallm om enta. A setofM W PCsisused to
selecteventswith only onebeam particleforwhich thetrajectory extrapolatestothetarget.An identical
beam particle selection wasperform ed for eventstriggered with the incident-proton triggerin orderto
providean absolutenorm alization oftheincom ingprotons.Thistriggerselected every64th beam particle
coincidenceoutside the dead-tim eofthe data acquisition system .
The length ofthe acceleratorspillis400 m swith a typicalintensity of15 000 beam particlesperspill.
The averagenum berofeventsrecorded by the data acquisition rangesfrom 300 to 350 perspillforthe
dierentbeam m om enta.The analysisproceedsby rstselecting a beam proton hitting the target,not
accom panied by othertracks. Then an eventisrequired to give a large angle interaction (LAI)trigger
to be retained.Afterthe eventselection the sam ple oftracksto be used foranalysisisdened.Table I
5showsthenum berofeventsand thenum berof selected in theanalysis.Thelargedierencebetween
the rst and second set ofrows (\totalevents taken by the DAQ " and \Accepted protons with Large
AngleInteraction")isdueto the relatively largefraction ofpionsin the beam and to thelargernum ber
oftriggerstaken forthe m easurem entswith the forward dipole spectrom eter.
TABLE I:Totalnum berofeventsand tracksused in the variousnuclear5% I targetdata setsand the num ber
ofprotonson targetascalculated from the pre-scaled incidentproton triggers.
D ata set (G eV =c) 3 5 8 8.9 12 12.9
TotalDAQ events (Be) 1399714 1473815 1102415 7236396 1211220 {
(C) 1345461 2628362 1878590 { 1855615 {
(Al) 1586331 1787620 1706919 { 619021 5401701
(Cu) 623965 2089292 2613229 { 748443 {
(Sn) 1652751 2827934 2422110 { 1803035 {
(Ta) 2202760 2094286 2045631 { 886307 {
(Pb) 1299264 2110904 2314552 { 486875 {
Acc.protonswith LAI (Be) 76694 157625 200352 1267418 282272 {
(C) 58421 228490 337150 { 504945 {
(Al) 69794 195912 341687 { 169151 1391159
(Cu) 38290 229316 544615 { 226245 {
(Sn) 84330 304949 523432 { 558306 {
(Ta) 97732 218293 442625 { 269927 {
(Pb) 79188 194064 491672 { 145843 {
Fraction oftriggersused (Be) 79% 75% 83% 94% 79% {
(C) 95% 90% 83% { 84% {
(Al) 78% 80% 63% { 96% 72%
(Cu) 91% 76% 66% { 76% {
(Sn) 97% 73% 67% { 76% {
(Ta) 86% 81% 69% { 76% {
(Pb) 74% 56% 69% { 50% {

 
selected w ith P ID (Be) 6553 20020 32078 231278 47608 {
(C) 4831 33436 52105 { 72307 {
(Al) 5496 26502 45442 { 37812 250037
(Cu) 3065 28395 79497 { 46153 {
(Sn) 7146 38337 89799 { 124925 {
(Ta) 6758 27767 74977 { 63349 {
(Pb) 4408 17766 81821 { 25050 {

+
selected w ith P ID (Be) 11245 27796 41683 294594 58882 {
(C) 9944 52633 73157 { 95151 {
(Al) 9519 38657 59345 { 47609 314552
(Cu) 4976 39823 102797 { 56665 {
(Sn) 10179 48820 104239 { 145923 {
(Ta) 9270 33985 87226 { 72275 {
(Pb) 6160 21074 92913 { 27085 {
A . C orrections for distortion oftracks in the T P C
TheTPC containsarelativelylargenum berofdead ornoisy pads.Noisy padswereconsidered equivalent
todead channelsin thisanalysis.Thelargenum berofdead pads(’ 15% )in theexperim entaldatataking
required a day-by-daydeterm ination ofthedead channelm ap.Thesam em ap wasused in thesim ulation
to provide a description ofthe TPC perform ances on a short term scale. A m ethod based on tracks
6FIG .2:E ectofdynam icdistortionson a track in theHARP TPC fora p{Beinteractionssam pleat5 G eV/c,as
a function ofthe eventnum berin the spill. Leftpanel:before corrections,rightpanel:afterdynam ic distortion






accum ulated during the data taking wasused to m easure the gain variationsofeach pad,see Ref.[21]
fordetails.Itisused to reducethe uctuationsin responsebetween dierentpadsdown to a 3% level.
Static distortionson reconstructed tracksare caused by the inhom ogeneity ofthe electric eld,due to
an accidentalm ism atch between the innerand outereld cage (powered by two distinctHV supplies).
The day{by{day variations ofthis m ism atch are consistent with the specications ofthe stability and
reproducibility ofthe powersupplies.A speciccalibration foreach setting hasbeen m ade.
Dynam ic distortionsarecaused instead by the build-up ofion-chargedensity in the driftvolum eduring
the400 m slong beam spill.Alltheseeectswerefully studied and availablecorrectionsaredescribed in
detailin Ref.[15,29].In ourearlierpublished analysesa practicalapproach hasbeen followed.O nly the
eventscorresponding to the early partofthe spill,where the eectsofthe dynam ic distortionsare still
sm all,have been used (thistranslatesinto a cuton the m axim um num berofevents(N evt ’ 100)to be
retained).Thetim eintervalbetween spillsislargeenough to drain allchargesin theTPC related to the
eectofthebeam .Thecom bined eectofthedistortionson thekinem aticquantitiesused in theanalysis
hasbeen studied in detailand only thatpartofthedata forwhich thesystem aticerrorscan beassessed
with physicalbenchm arkswasused,asfully explained in [15].M orethan 30  40% oftherecorded data
werethusused in the published analyses.Theinuence ofdistortionswasm onitored taking theaverage
value ofthe extrapolated m inim um distance ofthe secondary tracks from the incom ing beam particle
trajectory < d00 > .An exam pleofthe resultofthe correctionsforonesetting isshown in Fig.2.
In the presented analysis,instead,the TPC track dynam ic distortions are corrected on an event{by{
eventbasis,asoutlined in [29].A directm easurem entofthedistortionsasa function oftheradiusR and
tim e{in{spillwasperform ed usingtheprediction ofthetrajectory oftherecoilproton in elasticscattering
eventson a liquid hydrogen target. The m easurem entofthe direction ofthe forward scattered proton
determ ined the kinem atics and predicts the trajectory ofthe recoilproton. The actualm easurem ents
in the cham berare then com pared with the prediction asa funtion oftim e. In addition to this direct
m easurem entalso a m odelofion chargesand theireectwasdeveloped.
The strength ofthe eectdependson m any param eterssuch asthe beam intensity,the m om entum and
the target.An iterativeprocedureisapplied to nd the value ofthe strength param eteruntil< d00 > is
attened down to  2m m ,by usingtheem piricalm odeldescribed below to shapethecorrections.Taking
intoaccountthebeam intensity,thedataacquisition rateand thetargetthickness,theHARP experim ent
wasoperated in conditionsof 95% deadtim e.Theelectronsarenorm allym ultiplied neartheTPC plane
7with a m ultiplication factor 105,producing an equivalentnum berofArions. Any ineciency ofthe
gating grid atthe10  4   10  5 levelwould givean overwhelm ing num berofionsdrifting in theTPC gas
volum e.Thephenom enologicalm odelisbased on thefactthattheeld which isresponsiblefortheforce
acting on each driftelectron isequivalentto:
 aeld system whereions,in agiven angularsection atR valuesinternaltothedriftelectron position
contributeto attractthe driftelectronsinwards;
 a eld system where ions,in a given angular section at R values externalto the drift electron
position,contributeto attractthe driftelectronsoutwards.
Thism odelm akesitpossibleto understand allthe peculiarfeaturesofthe TPC dynam icdistortions:
 the dependence ofthe distortion on the eventnum berin the spill,
 the dependence ofthe distortion on tracksgenerated atdierentlongitudinalcoordinate Z in the
TPC.In particular tracks produced at increasingly larger Z exhibit the distortion saturation at
increasingly later tim es and the distortions tend to zero at Z values already passed by the ion
packet;
 thedependenceofthedistortion ofcosm ic-ray trackscollected outofthespillasa function oftim e
and Z,with the non-trivialfact that cosm ic-raysjust after the spillare m ore distorted than the
cosm ic-raystaken later;
 theR    dependenceasm easured with elasticscattering.Thedistortionshaveapeculiarbehaviour
asa function ofthe TPC pad rows:from the E  B calculation itfollowsthatthe innerrowsare
distorted by a radialelectric eld pointing inwards;there exists a pad row around the m iddle of
the cham berwherethe radialelectriceld vanishes.
Thecorrections,provided by them odel,calibrated on a run-by-run basisallow a fullcontroloftheTPC
response along the spill. In gure 3 the Q =pT spectrum for p{Be interactions at 8.9 G eV/c is shown
separately forthe rst50 eventsin the spill,the next50 and so on up to the last50,before and after
the dynam ic distortion correction.Afterthe correction,the curvesare com patible within the statistical
errors,indicating thatthe correction isadequate.
The m ain point,using beginning ofspilldata orfullspilldata,isthe presence ofpossible residualm o-
m entum biasin theTPC m easurem entdueto thedynam icdistortions.A dedicated paper[29]addresses
thispointand showsthatourestim ation ofm om entum biasisbelow 3% ,although the system aticscan
in principle be dierent in the uncorrected begin-of-spilldata and the fully corrected data. From the
studiesm adeweconcludethatthedata ofthe fullspillcan be used fortheanalysisoncethe corrections
for dynam ic distortions have been applied. In a sm allnum ber ofdata sets the distortions in the last
partofthe spillare too large to be reliably corrected.These are m ainly high A,high beam m om entum
settings,wheresucientstatisticsareavailableeven withoutthispartofthespill.Thereliability ofthe
correction hasbeen checked by observing the stability asa function ofthe eventnum berin the spillof
theaveragem om entum ofprotonsin a sm allwindow oflargedE =dx.An additionalbenchm ark assesses
thestability ofthem om entum m easurem entinsidea spillafterthedynam icdistortion correction forthe
TPC tracks.The dependence ofthe averagem om entum forfourdierenttrack sam plesasa function of
N evt isshown in Fig.4. The range ofpT tested by thisbenchm ark coversnearly the fullrange used in
the analysis.
The stability ofthe TPC dE =dx and m om entum calibration over the collected data sets is shown in
Fig.5. The X -axis runs over allsettings starting at low A (Be) up to high A such (Pb) and allused
beam m om enta from 3 G eV=cto 12.9 G eV=c.
III. D A TA A N A LY SIS
O nly a shortoutline ofthe data analysisprocedure is presented here,for further details see Ref. [15].
Them ostrelevantdierenceistheuseofthefullspillstatisticsby m eansofa correction ofthedynam ic
8FIG .3:FullspillanalysisofQ =pT forthe higheststatisticsdata sam ple:p{Be at8.9 G eV/c.Leftpanel:before
corrections,right panel: after corrections. Six curves are drawn,each for the next 50 events in the spill. O ne
noticesthatthe distributionsin the rightpanelare notdistinguishable.
FIG .4: Asa m om entum benchm ark,afterthe dynam ic distortion correction,the closed box showsthe average
m om entum observed forprotonsselected using theirrange(reaching thesecond RPC)and dE =dx.Closed circles
show protonsselected within a high dE =dx region;open circles:
 
selected with dE =dx;open boxes:
+
selected
with dE =dx.The angle oftheparticlesisrestricted in a range with sin  0:9.The variation in the uncorrected
sam ple was  5% for the high pT sam ples. The corrected data stay stable wellwithin 3% . The low pT data
rem ain stable with orwithoutcorrection.
9FIG .5: Stability oftheTPC calibration.Leftpanel:dE =dx versussettingsforpionswith 300  p  500 M eV/c.
Rightpanel:m ean m om entum forprotonswith a dE =dx between 7 and 8 M IP versussetting,Settingsgo from
low A to high A including beam m om enta from 3 G eV=c to 12.9 G eV=c.
distortionsin theTPC tracks,asoutlined before.
























isexpressed in binsoftruem om entum (pi),angle(j)and particletype().p J and  j
arethe bin sizesin m om entum and and angle,respectively.
The ‘raw yield’N 
0
i0j0 isthe num berofparticlesofobserved type 
0 in binsofreconstructed m om entum
(pi0)and angle(j0).These particlesm ustsatisfy the event,track and PID selection criteria.Although,
owing to the stringentPID selection,the background from m isidentied protonsin the pion sam ple is
sm all,the pion and proton raw yields (N 
0
i0j0,for 
0 =   ;+ ;p) have been m easured sim ultaneously.
Itisthuspossible to correctforthe sm allrem aining proton background in the pion data withoutprior
assum ptionsconcerning the proton production cross-section.
The m atrix M   1
iji0j0 0
correctsfor the eciency and the resolution ofthe detector. It unfoldsthe true
variables ij from the reconstructed variables i0j00 with a Bayesian technique [27]and corrects the
observednum berofparticlestotakeintoaccounteectssuch astriggereciency,reconstructioneciency,
acceptance,absorption,pion decay,tertiaryproduction,PID eciency,PID m isidentication and electron
background.The m ethod used to correctforthe variouseectsisdescribed in m oredetailin Ref.[15].
In orderto predictthe population ofthe m igration m atrix elem entM iji0j0 0,the resolution,eciency
and acceptance ofthe detectorare obtained from the M onteCarlo. Thisisaccurate provided the M on-
teCarlo sim ulation describesthesequantitiescorrectly.W heresom edeviationsfrom the controlsam ples
m easured from the data are found,the data are used to introduce (sm all) ad hoc corrections to the
M onteCarlo. Using the unfolding approach,possible known biasesin the m easurem entsare taken into
accountautom atically aslong asthey are described by the M onteCarlo. In the experim entsim ulation,
which is based on the G EANT4 toolkit[28],the m aterialsin the beam -line and the detectorare accu-
rately described aswellasthe relevantfeaturesofthe detectorresponseand the digitization process.In
general,the M onteCarlo sim ulation com pareswellwith the data,asshown in Ref.[15]. Forallim por-
tant issues physicalbenchm arkes have been used to validate the analysis. The absolute eciency and
the m easurem entofthe angle and m om entum wasdeterm ined with elastic scattering. The m om entum
and angularresolution wasdeterm ined exploiting the two halvesofcosm ic-ray trackscrossing the TPC
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volum e.Theeciency oftheparticleidentication waschecked using two independentdetectorsystem s.
O nly the latterneedsa sm allad hoc correction com pared to the sim ulation.
The factor A
N A t
in Eq.1 is the inverse ofthe num ber oftarget nucleiper unit area (A is the atom ic
m ass,N A is the Avogadro num ber, and t are the target density and thickness) [43]. The result is
norm alized to the num ber ofincident protons on the target N pot. The absolute norm alization ofthe
result is calculated in the rst instance relative to the num ber ofincident beam particles accepted by
the selection. After unfolding,the factor A
N A t
is applied. The beam norm alization using down-scaled
incidentproton triggershasuncertaintiessm allerthan 2% forallbeam m om entum settings.
The background due to interactions ofthe prim ary protons outside the target (called ‘Em pty target
background’) is m easured using data taken without the target m ounted in the target holder. O wing
to the selection criteria which only accepteventsfrom the targetregion and the good denition ofthe
interaction pointthisbackground isnegligible(< 10  5).
The eects ofthe system atic uncertainties on the nalresults are estim ated by repeating the analysis
with therelevantinputm odied within theestim ated uncertainty intervals.In m any casesthisprocedure
requires the construction ofa set ofdierent m igration m atrices. The correlations ofthe variations
between the cross-section bins are evaluated and expressed in the covariance m atrix. Each system atic
errorsource isrepresented by itsown covariance m atrix. The sum ofthese m atricesdescribesthe total
system aticerror.Them agnitudeofthesystem aticerrorsand theirdependenceon m om entum and angle
willbe shown in Section IV.
IV . EX P ER IM EN TA L R ESU LT S
Them easured double-dierentialcross-sectionsfortheproduction of+ and   in thelaboratory system
asa function ofthem om entum and thepolarangleforeach incidentbeam m om entum areshown in Fig-
ures6to12fortargetsfrom BetoPb.Theerrorbarsshown arethesquare-rootsofthediagonalelem ents
in thecovariancem atrix,wherestatisticaland system aticuncertaintiesarecom bined in quadrature.The
correlation ofthe statisticalerrors (introduced by the unfolding procedure) are typically sm aller than
20% for adjacent m om entum bins and even sm aller for adjacentangular bins. The correlationsofthe
system aticerrorsarelarger,typically 80% foradjacentbins.Theoverallscaleerror(< 2% )isnotshown.
The resultsofthisanalysisarealso tabulated in Appendix A.
These resultsarein agreem entwith whatwaspreviously found using only the rstpartofthe spilland
using no dynam ic distortionscorrections. Figures13 to 16 show the ratio ofthe crosssectionswithout
and with the correction factorfor dynam ic distortionsin 8.9 G eV/c Beryllium data (asan exam ple of
lighttarget),wherethestatisticsisbiggerand in 8G eV/cTantalum data(asan exam pleofheavytarget).
The errorband in the ratio takesinto accountthe usualestim ate ofm om entum errorand the erroron
eciency,the othererrorsarecorrelated.Theagreem entiswithin 1 form ostofthe points.
The dependence ofthe averaged pion yieldson the incidentbeam m om entum isshown in Fig.17. The
+ and   yieldsareaveraged overtheregion 0:35 rad   < 1:55 rad and 100 M eV=c p< 700 M eV=c
(pions produced in the forward direction only). W hereasthe beam energy dependence ofthe yieldsin
thep{Be,p{C data diersclearly from thedependencein thep{Ta,p{Pb data onecan observethatthe
p{Al,p{Cu and p{Sn data display a sm ooth transition between them .Thedependencein thep{Be,p{C
data is m uch m ore at with a saturation ofthe yield between 8 G eV=c and 12 G eV=c with the p{Al,
p{Cu and p{Sn showing an interm ediatebehaviour.
Theintegrated   /+ ratio in theforward direction isdisplayed in Fig.18asa function ofthesecondary
m om entum .In thecovered partofthem om entum rangein m ostbinsm ore+ ’sareproduced than   ’s.
In thep{Taand p{Pb datatheratioiscloserto unity than forthep{Be,p{C and p{Aldata.The  /+
ratio islargerforhigherincom ing beam m om enta than forlowerm om enta.
In the tantalum and lead data,the num berof+ ’sproduced issm allerthan the num berof  ’sin the
lowestm om entum bin (100M eV=c{150M eV=c)forthe8G eV=cand 12G eV=cincom ingbeam m om enta.
A sim ilareectwasseen by E910 in theirp{Au data [30].Lightertargetsdo notshow thisbehaviour.
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asa function ofm om entum displayed in di erentangularbins(shown in m rad in the panels). In the  gure,the
sym bollegend 9 refers to 8.9 G eV=c nom inalbeam m om entum . The error bars represent the com bination of
statisticaland system atic uncertainties.




production (right)in p{C interactions
as a function ofm om entum displayed in di erent angular bins (shown in m rad in the panels). The error bars
representthe com bination ofstatisticaland system atic uncertainties.
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FIG .8: D ouble-di erentialcross-sectionsfor+ production (left)and   production (right)in p{Alinteractions
asa function ofm om entum displayed in di erentangularbins(shown in m rad in the panels). In the  gure,the
sym bollegend 13 refers to 12.9 G eV=c nom inalbeam m om entum . The error bars representthe com bination of
statisticaland system atic uncertainties.
FIG .9: D ouble-di erentialcross-sectionsfor+ production (left)and   production (right)in p{Cu interactions
as a function ofm om entum displayed in di erent angular bins (shown in m rad in the panels). The error bars
representthe com bination ofstatisticaland system atic uncertainties.
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FIG .10: D ouble-di erentialcross-sectionsfor+ production (left)and   production (right)in p{Sn interactions
as a function ofm om entum displayed in di erent angular bins (shown in m rad in the panels). The error bars
representthe com bination ofstatisticaland system atic uncertainties.





as a function ofm om entum displayed in di erent angular bins (shown in m rad in the panels). The error bars
representthe com bination ofstatisticaland system atic uncertainties.
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FIG .12: D ouble-di erentialcross-sectionsfor+ production (left)and   production (right)in p{Pb interactions
as a function ofm om entum displayed in di erent angular bins (shown in m rad in the panels). The error bars
representthe com bination ofstatisticaland system atic uncertainties.
FIG .13:Ratioofthe  production cross-sectionsm easured withoutand with correctionsfordynam icdistortions
in p{Be interactionsat8.9 G eV/c,asa function ofm om entum fordi erentangularbins(shown in m rad in the
panels).Theerrorband in theratio takesinto accountm om entum errorand theerroron thee ciency,theother




production cross-sectionsm easured withoutand with correctionsfordynam icdistortions
in p{Be interactionsat8.9 G eV/c,asa function ofm om entum fordi erentangularbins(shown in m rad in the
panels).Theerrorband in theratio takesinto accountm om entum errorand theerroron thee ciency,theother
errorsbeing correlated.The errorson the data pointsare statistical.
FIG .15:Ratioofthe
 
production cross-sectionsm easured withoutand with correctionsfordynam icdistortions
in p{Ta interactions at 8 G eV/c,as a function ofm om entum for di erent angular bins (shown in m rad in the
panels).Theerrorband in theratio takesinto accountm om entum errorand theerroron thee ciency,theother




production cross-sectionsm easured withoutand with correctionsfordynam icdistortions
in p{Ta interactions at 8 G eV/c,as a function ofm om entum for di erent angular bins (shown in m rad in the
panels).Theerrorband in theratio takesinto accountm om entum errorand theerroron thee ciency,theother
errorsbeing correlated.The errorson the data pointsare statistical.
FIG .17: Thedependenceon thebeam m om entum ofthe  (right)and + (left)production yieldsin p{Be,p{C,
p{Al,p{Cu,p{Sn,p{Ta,p{Pb interactionsaveraged overtheforward angularregion (0:350 rad   < 1:550 rad)
and m om entum region 100 M eV=c p < 700 M eV=c.The resultsare given in arbitrary units,with a consistent
scale between the left and right panel. D ata points for di erent target nucleiand equalm om enta are slightly
shifted horizontally with respectto each otherto increase the visibility.
17




production in p{Be,p{C,p{Al,p{Cu,p{Sn,p{Taand p{Pb interactionsasafunction ofthesecondary m om entum
integrated overthe forward angularregion (shown in m rad). In the  gure,the sym bollegends13 and 9 referto
12.9 and 8.9 G eV=c nom inalbeam m om entum ,respectively.
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FIG .19: The dependence on the atom ic num ber A ofthe pion production yields in p{Be,p{Al,p{C,p{Cu,
p{Sn,p{Ta,p{Pb interactionsaveraged overtheforward angularregion (0:35 rad   < 1:55 rad)and m om entum
region 100 M eV=c  p < 700 M eV=c. The results are given in arbitrary units,with a consistent scale between
the leftand rightpanel.The verticalscale used in this gure isconsistentwith the one in Fig.17.
Thedependenceofthe averaged pion yieldson theatom icnum berA isshown in Fig.19.The+ yields
averagedovertheregion 0:350rad   < 1:550rad and 100M eV=c p < 700M eV=careshown in theleft
paneland the  data averaged overthesam eregion in therightpanelforfourdierentbeam m om enta.
O ne observesa sm ooth behaviourofthe averaged yields. The A-dependence isslightly dierentfor 
and + production,the lattersaturating earliertowardshigherA,especially atlowerbeam m om enta.
Theanalysisreported here(forp{Ta and p{Pb interactions)coversthe m ajorpartofpionsproduced in
thetargetand accepted by thefocusing system oftheinputstageofa neutrino factory [31].Theeective
coverageofthekinem aticrangecan bedened asthefraction ofthenum berofm uonstransported by the
inputstageofaneutrinofactorydesignoriginatingfrom decaysforwhich thepion productioncross-section
iswithin thekinem aticrangem easured by thepresentexperim ent.Asan exam ple,thiseectivecoverage
wasevaluated forthe\Internationalscoping study ofa Neutrino Factory and super-beam facility" (ISS)
inputstage [31]to be 69% for+ and 72% for  ,respectively [32],using a particularm odelforpion
production atan incom ing beam m om entum of10.9 G eV=c [33]. Since the data coversalready a large
fraction ofthe relevant phase-space,one would expect that the extrapolation to the fullregion with
hadronicproduction m odelscan bedonereliably,oncethesem odelsareadjusted to reproducethisdata
setin the region covered.Such tuning ofm odelscan also protfrom the additionaldata provided with
the HARP forward spectrom eter.
As an indication ofthe overallpion yield as a function ofincom ing beam m om entum ,the + and  
production cross-sectionswere averaged overthe fullHARP kinem atic rangein the forward hem isphere
(100 M eV=c< p < 700 M eV=c and 0:35 <  < 1:55). The resultsare shown in Fig.20. The integrated
yields are shown in the left paneland the integrated yields norm alized to the kinetic energy ofthe
incom ing beam particlesareshown in the rightpanel.The outererrorbarsindicate the totalstatistical
and system atic errors. Ifone com pares the + and   rates for a given beam m om entum or ifone
com paresthe ratesata dierentbeam m om entum the relative system atic errorisreduced by abouta
factor oftwo. The relative uncertainties are shown as inner errorbar. It is shown thatthe pion yield
increaseswith m om entum and thatin ourkinem aticcoveragetheoptim um yield isbetween 5 G eV=cand
8 G eV=c.
However,thesecalculationsshould be com pleted with m orerealistickinem aticalcutsin the integration.
To show the trend the rateswithin restricted rangesare also given: a restricted angularrange (0:35 <
 < 0:95)and a rangefurtherrestricted in m om entum (250 M eV=c< p < 500 M eV=c).Thelatterrange
m ay be m ostrepresentativeforthe neutrino factory.
O fcoursethisanalysisonly givesa sim plied pictureoftheresults.O neshould notethatthebestresult
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FIG . 20: Predictions of the + (closed sym bols) and   (open sym bols) yields for di erent design of the
NF focussing stage. Integrated yields (left) and the integrated yields norm alized to the kinetic energy ofthe
proton (right)for p{Ta and p{Pb interactions. The circles indicate the integraloverthe fullHARP acceptance
(100 M eV=c < p < 700 M eV=c and 0:35 rad <  < 1:55 rad),the squares are integrated over 0:35 rad <  <
0:95 rad,while the diam onds are calculated for the sm aller angular range and 250 M eV=c < p < 500 M eV =c.
Although the units are indicated as \arbitrary", for the largest region the yield is expressed as d2=dpd
 in
m b/(G eV=c sr). For the other regions the sam e norm alization is chosen,but now scaled with the relative bin
size to show visually the correct ratio ofnum ber ofpions produced in these kinem atic regions. The fullerror
barshowstheoverall(system atic and statistical)error,while theinnererrorbarshowsthe errorrelevantforthe
point{to-pointcom parison.Forthelattererroronly theuncorrelated system atic uncertaintieswere added to the
statisticalerror.
can be obtained by using the fullinform ation ofthe double-dierentialcross-section and by developing
designs optim ized specically for each single beam m om entum . Then these optim ized designs can be
com pared.
Theexperim entaluncertaintiesaresum m arized for+ in TableIIforallused targetsand shown fortwo
typicaltargets(one lightand one heavy)in Figure 21. They are very sim ilarfor   and atthe other
beam energies:3,5,8,12 and 12.9 G eV/c. G oing from lighter(Be,C)to heaviertargets(Ta,Pb)the
correctionsfor0 (conversion)and absorption/tertiaresarebigger.
O neobservesthatonlyforthe3G eV=cbeam isthestatisticalerrorsim ilarin m agnitudetothesystem atic
error,whilethestatisticalerrorisnegligibleforthe8 G eV=cand 12G eV=cbeam settings.Thestatistical
erroriscalculated by errorpropagation aspartoftheunfolding procedure.Ittakesinto accountthatthe
unfolding m atrix isobtained from the data them selves[44]and hence contributesalso to the statistical
error.Thisprocedurealm ostdoublesthestatisticalerror,butavoidsan im portantsystem aticerrorwhich
would otherwisebe introduced by assum ing a cross-section m odela priorito calculatethe corrections.
The largest system atic error corresponds to the uncertainty in the absolute m om entum scale,which
wasestim ated to be around 3% using elastic scattering [15]. Although the correctionsforthe dynam ic
distortionshavebeen applied in thisanalysis,contrary to the previously published ones,the system atic
errorhasnotbeen reduced.Thisisdueto thefactthatnow thefullstatisticshasbeen used introducing
data with largerdistortions.The benetofthe introduction ofthe largerstatisticsisevidentm ainly at
low incidentbeam m om enta (3 G eV/c),in thebinswith highersecondary m om enta and largerscattering
angle.Atlow m om entum in therelativelysm allangleforward direction theuncertaintyin thesubtraction
oftheelectron and positron background dueto 0 production isdom inant( 6  10% ).Thisuncertainty
issplitbetween thevariation in theshapeofthe0 spectrum and thenorm alization using therecognized
electrons. The targetregion denition and the uncertainty in the PID eciency and background from
tertiaries (particles produced in secondary interactions) are ofsim ilar size and are not negligible (
2  3% ).Relatively sm allerrorsareintroduced by theuncertaintiesin theabsorption correction,absolute
knowledgeoftheangularand them om entum resolution.Thecorrection fortertiariesisrelatively largeat
low m om enta and largeangles( 3  5% ).Asexpected,thisregion ism ostaected by thiscom ponent.
The errorsare quoted forthe positive pion data. O wing to the sim ilarity ofthe spectra the errorsare
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FIG .21: Total system atic error (grey solid line) and m ain com ponents: black short-dashed line for absorp-
tion+ tertiaresinteractions,black dotted line fortrack e ciency and targetpointing e ciency,black dot-dashed
line for 
0
subtraction,black solid line for m om entum scale+ resolution and angle scale,grey short-dashed line
forPID fortwo typicaltargets(Be and Ta)
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very sim ilarforthe negativepions.
As already m entioned above,the overallnorm alization has an uncertainty of2% ,and is not reported
in the table. It is m ainly due to the uncertainty in the eciency that beam protons counted in the
norm alization actually hitthetarget,with sm allercom ponentsfrom thetargetdensity and beam particle
counting procedure.
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TABLE II:Experim entaluncertainties for the analysis ofthe data taken with beryllium ,carbon,alum inium ,
copper,tin and lead targetsat3,5,8,8.9,12 and 12.9 G eV/c.Thenum bersrepresenttheuncertainty in percent
ofthe cross-section integrated overthe angle and m om entum region indicated.
p (G eV =c) 0.1 { 0.3 0.3 { 0.5 0.5 { 0.7
A ngle (m rad) 350{950 950{1550 1550{2150 350{950 950{1550 1550{2150 350{950 950{1550
3 G eV =c
Totalsyst. (Be) 8.2 4.7 3.5 3.9 6.3 8.9 9.5 14.9
(C) 13.2 5.2 3.2 3.8 6.9 10.1 9.5 16.5
(Al) 9.3 4.8 3.5 3.8 7.2 13.1 10.0 13.6
(Cu) 10.0 7.7 6.7 3.7 5.4 9.0 9.0 12.6
(Sn) 14.2 6.7 5.1 3.4 6.5 9.8 8.1 14.2
(Ta) 13.7 8.1 7.5 3.8 6.0 6.0 9.9 13.9
(Pb) 13.2 7.5 6.7 3.7 5.7 7.8 9.5 14.1
Statistics (Be) 2.8 2.6 3.6 2.2 3.7 9.0 2.9 6.8
(C) 3.2 2.6 3.3 2.4 3.8 8.9 3.1 7.5
(Al) 3.0 2.5 3.2 2.4 3.9 8.2 3.2 7.0
(Cu) 4.4 3.8 4.6 3.6 5.4 11.2 4.7 9.7
(Sn) 3.1 2.5 2.9 2.5 3.6 6.9 3.3 6.3
(Ta) 3.3 2.6 3.1 2.5 3.5 6.5 3.4 6.2
(Pb) 4.2 3.1 3.7 3.2 4.5 8.5 4.4 8.2
5 G eV =c
Totalsyst. (Be) 9.0 4.8 3.2 4.2 5.1 10.0 7.9 13.8
(C) 11.1 5.0 3.2 3.9 5.3 8.0 6.9 11.7
(Al) 9.5 5.0 3.3 3.9 4.8 8.9 7.8 12.7
(Cu) 10.6 8.1 7.0 3.7 5.2 6.7 7.1 12.8
(Sn) 10.1 6.2 5.1 3.5 5.2 8.0 7.3 11.6
(Ta) 12.5 8.1 7.7 3.7 5.2 7.7 7.1 10.7
(Pb) 12.6 7.6 6.6 3.7 5.6 6.5 7.3 11.5
Statistics (Be) 1.7 1.6 2.1 1.3 2.1 4.3 1.5 3.3
(C) 1.6 1.3 1.6 1.0 1.5 2.9 1.1 2.3
(Al) 1.5 1.3 1.7 1.1 1.7 3.2 1.4 2.7
(Cu) 1.6 1.4 1.7 1.2 1.7 3.1 1.4 2.6
(Sn) 1.5 1.3 1.5 1.1 1.6 2.8 1.4 2.4
(Ta) 1.7 1.4 1.7 1.3 1.7 3.0 1.5 2.5
(Pb) 2.2 1.8 2.1 1.7 2.2 3.9 2.0 3.4
8 G eV =c
Totalsyst. (Be) 8.6 4.7 3.1 4.0 4.5 7.5 7.2 12.0
(C) 10.4 4.8 3.1 3.7 3.8 7.0 6.6 11.8
(Al) 9.4 5.0 3.5 3.8 4.3 7.5 7.2 11.2
(Cu) 10.1 7.8 7.1 3.6 4.3 6.3 6.5 10.8
(Sn) 9.1 6.2 5.3 3.3 5.0 6.9 7.1 11.2
(Ta) 11.5 8.2 7.6 3.7 5.0 5.9 7.1 10.4
(Pb) 11.2 7.5 6.5 3.5 4.9 6.9 6.4 9.9
Statistics (Be) 1.4 1.3 1.7 1.0 1.6 3.1 1.2 2.4
(C) 1.3 1.0 1.3 0.7 1.1 2.1 0.8 1.6
(Al) 1.2 1.1 1.4 0.9 1.3 2.5 1.0 1.9
(Cu) 1.0 0.9 1.1 0.7 1.0 1.8 0.8 1.4
(Sn) 1.0 0.9 1.1 0.7 1.0 1.8 0.9 1.5
(Ta) 1.1 0.9 1.2 0.8 1.1 1.9 0.9 1.6
(Pb) 1.1 0.9 1.0 0.7 1.0 1.8 0.9 1.5
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p (G eV =c) 0.1 { 0.3 0.3 { 0.5 0.5 { 0.7
A ngle (m rad) 350{950 950{1550 1550{2150 350{950 950{1550 1550{2150 350{950 950{1550
8.9 G eV =c
Totalsyst. (Be) 8.8 4.7 3.1 4.2 4.4 7.7 7.9 12.4
Statistics (Be) 0.5 0.5 0.6 0.4 0.6 1.1 0.4 0.9
12 G eV =c
Totalsyst. (Be) 9.0 4.8 3.3 3.8 4.1 7.3 7.3 12.1
(C) 9.8 5.8 4.1 3.9 4.5 6.8 7.5 10.8
(Al) 9.6 5.4 3.9 3.5 4.0 7.6 7.6 11.7
(Cu) 10.1 7.8 7.1 2.9 4.3 6.3 6.7 11.2
(Sn) 10.0 6.7 5.7 2.9 4.7 6.6 6.1 9.6
(Ta) 11.4 7.2 6.8 2.3 4.4 5.9 6.6 9.4
(Pb) 10.8 7.1 6.7 2.9 4.4 5.6 7.1 9.1
Statistics (Be) 1.1 1.1 1.5 0.8 1.3 2.6 0.9 2.0
(C) 1.9 1.9 2.4 1.5 2.2 4.4 1.6 3.2
(Al) 1.3 1.2 1.5 0.9 1.5 2.8 1.1 2.1
(Cu) 1.2 1.2 1.5 0.9 1.3 2.5 1.0 1.9
(Sn) 0.8 0.8 0.9 0.6 0.9 1.5 0.7 1.2
(Ta) 1.1 1.0 1.2 0.8 1.2 2.1 1.0 1.7
(Pb) 1.8 1.6 2.0 1.4 1.9 3.5 1.6 2.7
12.9 G eV =c
Totalsyst. (Al) 9.6 5.2 3.7 3.5 4.1 6.8 7.4 11.7
Statistics (Al) 0.5 0.5 0.6 0.4 0.6 1.1 0.4 0.8
A . C om parisons w ith M C predictions
Asournalresults,obtained with afullcorrection ofthedistortionsofTPC tracks(static+ dynam ic),are
com patiblewith ourprelim inary onespublished in [15,16,17],wereferto thesepapersfora com parison
with published data. W e only stress here that previous data sets are scarce,with big totalerrorsand
coveronly a lim ited region ofthe phasespacecovered by the HARP experim ent.
In the following we willshow only som e com parisons with publicly available M onteCarlo sim ulations:
G EANT4 [28]and M ARS [40],using dierent m odels. W e stressthat no tuning to ourdata has been
doneby theG EANT4 orM ARS team s.Thecom parison willbeshown fora lim ited setofplotsand only
forthe C and Ta targets,asexam plesofa lightand a heavy targetnucleus,in gures22 to 33.
At interm ediate energies (up to 5-10 G eV),G EANT4 uses two types ofintra-nuclear cascade m odels:
the Bertinim odel[36,37](valid up to  10 G eV) and the binary m odel[35](valid up to  3 G eV).
Both m odelstreatthetargetnucleusin detail,taking into accountdensity variationsand tracking in the
nucleareld.Thebinary m odelisbased on hadron collisionswith nucleons,giving resonancesthatdecay
according to their quantum num bers. The Bertinim odelis based on the cascade code reported in [38]
and hadron collisionsareassum ed to proceed accordingto free-spacepartialcrosssectionsand nalstate
distributionsm easured forthe incidentparticletypes.
Athigherenergies,instead,two parton string m odels,the quark-gluon string (Q G S)m odel[36,39]and
the Fritiof(FTP)m odel[39]areused,in addition to a High Energy Param etrized m odel(HEP)derived
from the high energy partofthe G heisha code used inside G EANT3 [42].
Theparam etrized m odelsofG EANT4 (HEP and LEP)areintended to befast,butconserveenergy and
m om entum on averageand noteventby event.
A realisticG EANT4 sim ulation isbuiltby com bining m odelsand physicsprocessesinto whatiscalled a
\physicslist".In high energy calorim etry thetwo m ostcom m only used aretheQ G SP physicslist,based
on the Q G S m odel,the pre-com pound nucleusm odeland som eofthe Low Energy Param etrized (LEP)
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m odel(thathasitsrootin the G HEISHA code inside G EANT3)and the LHEP physicslist[34]based
on the param etrized LEP m odeland HEP m odels.
The M ARS code system [40]uses as basic m odelan inclusive approach m ultiparticle production origi-
nated by R.Feynm an. Above 3 G eV=c phenom enologicalparticle production m odels are used. Below
5 G eV=ca cascade-exciton m odel[41]com bined with the Ferm ibreak-up m odel,the coalescencem odel,
an evaporation m odeland a m ultifragm entation extension isused instead.
None ofthe considered m odelsdescribe fully ourdata.However,backward orcentralregion production
seem s to be described better than relatively m ore forward production, especially at higher incident
m om enta.In ourdata,thelowestangularbin correspondsto a transition region from forward to central
production,thatism oredicultto describe by M C m odels.
In general,+ production is better described than   production. At higherenergies the FTP m odel
(from G EANT4)and theM ARS m odeldescribebetterthedata,whileatthelowestenergiestheBertini
and binary cascade m odels (from G EANT4) seem m ore appropriate. Param etrized m odels,as LHEP
from G EANT4,show relevantdiscrepancies:up to a factorthree in the forward region atlow energies.
The com parison,justoutlined in ourpaper,between data and m odelsshowsthatthe fullsetofHARP
data,taken with targetsspanning the fullperiodic table ofelem ents,with sm alltotalerrorsand large
coverageofthesolid anglewith a singledetector,m ay greatly help thetuning ofm odelsused in hadronic
sim ulationsin the dicultenergy rangebetween 3 G eV=cand 15 G eV=cofincidentm om entum .




) cross sections for p{C at 3 G eV/c with G EANT4
and M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
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FIG .23: Com parison ofHARP double-di erential
+
cross sections for p{C at 5 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
FIG .24: Com parison ofHARP double-di erential  cross sections for p{C at 5 G eV/c with G EANT4 M C
predictions,using severalgeneratorm odels(see textfordetails).
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FIG .25: Com parison ofHARP double-di erential
+
cross sections for p{C at 8 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
FIG .26: Com parison ofHARP double-di erential  cross sections for p{C at 8 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
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FIG .27: Com parison ofHARP double-di erential

cross sections for p{C at 12 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
FIG .28: Com parison ofHARP double-di erential

cross sections for p{Ta at 3 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
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FIG .29: Com parison ofHARP double-di erential
+
cross sections for p{Ta at 5 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
FIG .30: Com parison ofHARP double-di erential
 
cross sections for p{Ta at 5 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
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FIG .31: Com parison ofHARP double-di erential
+
cross sections for p{Ta at 8 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
FIG .32: Com parison ofHARP double-di erential
 
cross sections for p{Ta at 8 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
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FIG .33: Com parison ofHARP double-di erential

cross sectionsfor p{Ta at12 G eV/c with G EANT4 and
M ARS M C predictions,using severalgeneratorm odels(see textfordetails).
V . SU M M A R Y A N D C O N C LU SIO N S
An analysisofthe production ofpionsatlargeangleswith respectto the beam direction forprotonsof
3 G eV=c,5 G eV=c,8G eV=c,8.9G eV=c(Beonly),12G eV=cand 12.9G eV=c(Alonly)beam m om entum
im pinging on thin (5% interaction length)beryllium ,carbon,alum inium ,copper,tin,tantalum and lead
targetsisdescribed.The secondary pion yield ism easured in a largeangularand m om entum rangeand
double-dierentialcross-sectionsare obtained. A detailed errorestim ation hasbeen discussed. Results
on the dependence from atom icnum berA ofpion production arealso presented.
Thedata taken with the lead and tantalum targetsarerelevantforthe optim ization ofthe targetry ofa
Neutrino Factory.The pion yield increaseswith m om entum and in ourkinem atic rangethe optim um is
between 5 G eV/cand 8 G eV/c.
The use ofa single detectorfora rangeofbeam m om enta m akesitpossible to m easurethe dependence
ofthe pion yield on the secondary particle m om entum and em ission angle  with high precision. The
A{dependence ofthe cross-section can be studied,using data from a single experim ent. Very few pion
production m easurem ents in this energy range are reported in the literature. The only com parable
results found in the literature agrees with the analysis described in this paper. Hadronic production
m odelsdescribing thisenergy rangehavenow been com pared with ournew results.
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A P P EN D IX A :C R O SS-SEC T IO N D A TA
Resultson double dierentialcrosssection forprotonsim pinging on thin beryllium ,carbon,alum inium ,
copper,tin,tantalum and lead targetsarereported here.
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TABLE III: HARP results for the double-di erential 
+






=(dpd) for p{Be interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.062 0.011 0.107 0.015 0.122 0.017 0.140 0.017 0.137 0.020
0.20 0.25 0.079 0.010 0.138 0.013 0.162 0.013 0.184 0.013 0.199 0.013
0.25 0.30 0.117 0.014 0.187 0.018 0.217 0.020 0.231 0.017 0.240 0.020
0.30 0.35 0.156 0.017 0.204 0.017 0.241 0.017 0.249 0.020 0.269 0.018
0.35 0.40 0.164 0.014 0.238 0.017 0.258 0.021 0.269 0.016 0.251 0.014
0.40 0.45 0.165 0.011 0.223 0.012 0.264 0.012 0.284 0.012 0.297 0.022
0.45 0.50 0.164 0.011 0.230 0.014 0.271 0.014 0.300 0.016 0.319 0.016
0.50 0.60 0.162 0.013 0.230 0.013 0.284 0.016 0.292 0.017 0.324 0.016
0.60 0.70 0.121 0.018 0.214 0.021 0.282 0.027 0.250 0.025 0.271 0.029
0.70 0.80 0.068 0.016 0.157 0.028 0.210 0.032 0.182 0.029 0.211 0.033
0.55 0.75 0.10 0.15 0.047 0.013 0.080 0.017 0.082 0.019 0.088 0.016 0.085 0.019
0.15 0.20 0.111 0.012 0.136 0.013 0.145 0.012 0.141 0.010 0.145 0.010
0.20 0.25 0.146 0.015 0.182 0.014 0.218 0.016 0.205 0.015 0.201 0.018
0.25 0.30 0.161 0.013 0.198 0.016 0.220 0.016 0.229 0.015 0.237 0.015
0.30 0.35 0.171 0.017 0.211 0.017 0.226 0.013 0.239 0.013 0.252 0.017
0.35 0.40 0.173 0.011 0.213 0.011 0.219 0.011 0.231 0.010 0.258 0.012
0.40 0.45 0.145 0.011 0.172 0.009 0.224 0.011 0.218 0.008 0.237 0.010
0.45 0.50 0.130 0.010 0.171 0.009 0.206 0.010 0.211 0.009 0.210 0.009
0.50 0.60 0.089 0.012 0.150 0.012 0.187 0.013 0.179 0.013 0.186 0.012
0.60 0.70 0.051 0.010 0.099 0.015 0.129 0.019 0.128 0.018 0.138 0.019
0.70 0.80 0.029 0.006 0.057 0.012 0.083 0.017 0.080 0.016 0.086 0.020
0.75 0.95 0.10 0.15 0.082 0.013 0.073 0.014 0.093 0.014 0.092 0.013 0.101 0.015
0.15 0.20 0.138 0.015 0.161 0.013 0.158 0.011 0.163 0.011 0.163 0.013
0.20 0.25 0.156 0.014 0.175 0.012 0.181 0.014 0.195 0.012 0.197 0.012
0.25 0.30 0.154 0.012 0.169 0.010 0.185 0.011 0.214 0.011 0.197 0.012
0.30 0.35 0.126 0.010 0.148 0.010 0.192 0.012 0.189 0.008 0.197 0.010
0.35 0.40 0.120 0.009 0.139 0.008 0.165 0.008 0.165 0.006 0.172 0.007
0.40 0.45 0.098 0.009 0.125 0.007 0.136 0.007 0.140 0.005 0.143 0.006
0.45 0.50 0.071 0.008 0.109 0.008 0.118 0.006 0.123 0.006 0.128 0.007
0.50 0.60 0.047 0.006 0.072 0.009 0.099 0.008 0.092 0.009 0.096 0.009
0.60 0.70 0.025 0.006 0.039 0.008 0.063 0.010 0.055 0.009 0.057 0.010
0.95 1.15 0.10 0.15 0.097 0.012 0.087 0.013 0.089 0.013 0.094 0.012 0.094 0.013
0.15 0.20 0.127 0.013 0.144 0.011 0.153 0.011 0.154 0.009 0.175 0.012
0.20 0.25 0.145 0.011 0.180 0.014 0.160 0.009 0.168 0.008 0.177 0.010
0.25 0.30 0.120 0.010 0.154 0.011 0.148 0.008 0.159 0.008 0.157 0.007
0.30 0.35 0.097 0.009 0.107 0.006 0.125 0.007 0.123 0.006 0.126 0.006
0.35 0.40 0.058 0.006 0.089 0.006 0.102 0.006 0.107 0.005 0.108 0.005
0.40 0.45 0.045 0.004 0.071 0.005 0.080 0.005 0.081 0.005 0.090 0.005
0.45 0.50 0.033 0.004 0.055 0.005 0.062 0.005 0.062 0.005 0.069 0.006
0.50 0.60 0.018 0.003 0.034 0.005 0.040 0.005 0.041 0.005 0.043 0.006
33






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.093 0.012 0.084 0.011 0.099 0.012 0.101 0.013 0.099 0.013
0.15 0.20 0.121 0.013 0.131 0.010 0.157 0.010 0.151 0.008 0.134 0.009
0.20 0.25 0.120 0.010 0.126 0.008 0.133 0.007 0.141 0.006 0.137 0.006
0.25 0.30 0.078 0.008 0.106 0.008 0.102 0.006 0.106 0.005 0.115 0.006
0.30 0.35 0.048 0.007 0.071 0.005 0.081 0.006 0.078 0.003 0.078 0.005
0.35 0.40 0.031 0.003 0.051 0.004 0.067 0.004 0.065 0.003 0.066 0.003
0.40 0.45 0.025 0.003 0.038 0.004 0.050 0.004 0.046 0.004 0.049 0.004
0.45 0.50 0.016 0.003 0.025 0.003 0.035 0.004 0.032 0.003 0.035 0.004
1.35 1.55 0.10 0.15 0.086 0.011 0.102 0.012 0.082 0.011 0.101 0.011 0.096 0.012
0.15 0.20 0.118 0.012 0.119 0.009 0.139 0.011 0.135 0.007 0.136 0.009
0.20 0.25 0.084 0.009 0.120 0.008 0.116 0.007 0.110 0.006 0.108 0.006
0.25 0.30 0.062 0.007 0.078 0.007 0.081 0.007 0.081 0.005 0.082 0.005
0.30 0.35 0.036 0.005 0.048 0.005 0.055 0.004 0.054 0.003 0.056 0.004
0.35 0.40 0.021 0.003 0.034 0.003 0.040 0.003 0.039 0.003 0.040 0.003
0.40 0.45 0.012 0.002 0.022 0.003 0.026 0.003 0.026 0.002 0.028 0.003
0.45 0.50 0.008 0.002 0.013 0.002 0.015 0.003 0.019 0.003 0.018 0.003
1.55 1.75 0.10 0.15 0.070 0.012 0.080 0.010 0.085 0.012 0.085 0.011 0.095 0.011
0.15 0.20 0.093 0.009 0.118 0.009 0.116 0.007 0.115 0.005 0.106 0.006
0.20 0.25 0.054 0.007 0.076 0.007 0.076 0.005 0.086 0.005 0.084 0.005
0.25 0.30 0.035 0.005 0.050 0.005 0.057 0.004 0.056 0.003 0.051 0.005
0.30 0.35 0.020 0.004 0.029 0.003 0.037 0.003 0.037 0.003 0.030 0.002
0.35 0.40 0.010 0.002 0.019 0.002 0.026 0.003 0.023 0.002 0.023 0.002
0.40 0.45 0.008 0.002 0.011 0.002 0.015 0.002 0.014 0.002 0.014 0.002
0.45 0.50 0.004 0.001 0.006 0.001 0.008 0.002 0.009 0.001 0.008 0.002
1.75 1.95 0.10 0.15 0.060 0.009 0.090 0.011 0.086 0.011 0.081 0.009 0.073 0.010
0.15 0.20 0.096 0.011 0.096 0.007 0.096 0.006 0.099 0.004 0.099 0.006
0.20 0.25 0.060 0.009 0.047 0.005 0.065 0.005 0.062 0.004 0.056 0.005
0.25 0.30 0.020 0.005 0.036 0.004 0.036 0.004 0.041 0.003 0.033 0.002
0.30 0.35 0.011 0.002 0.018 0.003 0.023 0.002 0.026 0.002 0.024 0.002
0.35 0.40 0.006 0.002 0.011 0.002 0.013 0.002 0.015 0.002 0.015 0.002
0.40 0.45 0.003 0.001 0.005 0.001 0.006 0.001 0.007 0.001 0.007 0.002
0.45 0.50 0.001 0.001 0.003 0.001 0.003 0.001 0.004 0.001 0.004 0.001
1.95 2.15 0.10 0.15 0.063 0.011 0.060 0.008 0.063 0.008 0.068 0.007 0.055 0.007
0.15 0.20 0.063 0.008 0.082 0.006 0.080 0.006 0.070 0.004 0.073 0.005
0.20 0.25 0.033 0.005 0.041 0.005 0.044 0.004 0.047 0.003 0.047 0.005
0.25 0.30 0.013 0.003 0.020 0.003 0.027 0.003 0.027 0.002 0.026 0.003
0.30 0.35 0.008 0.002 0.009 0.001 0.014 0.002 0.016 0.001 0.013 0.002
0.35 0.40 0.004 0.002 0.009 0.002 0.007 0.001 0.008 0.001 0.008 0.001
0.40 0.45 0.002 0.001 0.004 0.001 0.004 0.001 0.004 0.001 0.004 0.001
0.45 0.50 0.002 0.001 0.002 0.001 0.002 0.001 0.002 0.001
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TABLE IV: HARP results for the double-di erential 
 






=(dpd) for p{Be interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.048 0.009 0.084 0.013 0.114 0.015 0.124 0.015 0.124 0.020
0.20 0.25 0.068 0.009 0.095 0.008 0.139 0.011 0.147 0.009 0.170 0.011
0.25 0.30 0.060 0.008 0.134 0.013 0.160 0.012 0.170 0.011 0.182 0.012
0.30 0.35 0.079 0.010 0.129 0.009 0.154 0.011 0.171 0.009 0.186 0.013
0.35 0.40 0.069 0.007 0.111 0.007 0.162 0.010 0.163 0.008 0.184 0.010
0.40 0.45 0.066 0.007 0.116 0.010 0.155 0.008 0.165 0.009 0.168 0.008
0.45 0.50 0.057 0.006 0.121 0.008 0.148 0.008 0.164 0.008 0.162 0.008
0.50 0.60 0.053 0.005 0.129 0.008 0.159 0.010 0.160 0.009 0.172 0.010
0.60 0.70 0.051 0.006 0.101 0.012 0.157 0.013 0.152 0.013 0.170 0.013
0.70 0.80 0.039 0.007 0.084 0.011 0.143 0.018 0.128 0.014 0.155 0.018
0.55 0.75 0.10 0.15 0.026 0.008 0.069 0.015 0.070 0.016 0.073 0.015 0.092 0.020
0.15 0.20 0.058 0.009 0.093 0.009 0.111 0.010 0.123 0.006 0.131 0.008
0.20 0.25 0.057 0.007 0.126 0.009 0.161 0.012 0.148 0.010 0.135 0.011
0.25 0.30 0.062 0.008 0.119 0.009 0.152 0.008 0.153 0.009 0.160 0.009
0.30 0.35 0.077 0.008 0.113 0.009 0.134 0.008 0.150 0.008 0.159 0.009
0.35 0.40 0.076 0.007 0.111 0.007 0.144 0.010 0.146 0.007 0.151 0.007
0.40 0.45 0.059 0.006 0.107 0.006 0.146 0.008 0.137 0.006 0.148 0.007
0.45 0.50 0.052 0.005 0.105 0.007 0.127 0.006 0.129 0.005 0.140 0.006
0.50 0.60 0.049 0.005 0.095 0.007 0.111 0.006 0.120 0.006 0.131 0.007
0.60 0.70 0.041 0.006 0.076 0.007 0.100 0.008 0.098 0.010 0.111 0.011
0.70 0.80 0.027 0.006 0.057 0.010 0.086 0.013 0.075 0.011 0.096 0.012
0.75 0.95 0.10 0.15 0.044 0.008 0.056 0.009 0.070 0.010 0.069 0.009 0.079 0.011
0.15 0.20 0.091 0.011 0.107 0.010 0.120 0.010 0.130 0.008 0.134 0.010
0.20 0.25 0.078 0.008 0.114 0.008 0.144 0.010 0.139 0.007 0.136 0.008
0.25 0.30 0.073 0.008 0.111 0.007 0.119 0.006 0.135 0.007 0.141 0.008
0.30 0.35 0.063 0.006 0.096 0.006 0.110 0.007 0.123 0.005 0.132 0.008
0.35 0.40 0.060 0.006 0.084 0.005 0.109 0.006 0.108 0.004 0.115 0.005
0.40 0.45 0.048 0.005 0.080 0.005 0.091 0.004 0.099 0.003 0.099 0.004
0.45 0.50 0.036 0.004 0.074 0.004 0.087 0.005 0.091 0.003 0.091 0.004
0.50 0.60 0.033 0.004 0.060 0.005 0.075 0.005 0.078 0.004 0.080 0.005
0.60 0.70 0.023 0.004 0.042 0.006 0.060 0.006 0.058 0.006 0.062 0.006
0.95 1.15 0.10 0.15 0.038 0.007 0.066 0.009 0.070 0.009 0.077 0.008 0.072 0.009
0.15 0.20 0.069 0.008 0.120 0.011 0.109 0.009 0.131 0.008 0.119 0.008
0.20 0.25 0.065 0.008 0.107 0.008 0.117 0.008 0.126 0.006 0.122 0.007
0.25 0.30 0.061 0.006 0.090 0.008 0.116 0.007 0.114 0.005 0.114 0.006
0.30 0.35 0.065 0.007 0.076 0.005 0.097 0.005 0.098 0.004 0.096 0.004
0.35 0.40 0.049 0.006 0.062 0.004 0.088 0.004 0.079 0.003 0.084 0.004
0.40 0.45 0.034 0.004 0.055 0.004 0.068 0.005 0.068 0.003 0.070 0.004
0.45 0.50 0.025 0.004 0.043 0.004 0.054 0.003 0.058 0.002 0.059 0.003
0.50 0.60 0.018 0.003 0.029 0.003 0.044 0.003 0.044 0.003 0.046 0.003
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.039 0.007 0.073 0.010 0.085 0.008 0.075 0.007 0.085 0.009
0.15 0.20 0.067 0.009 0.101 0.007 0.105 0.007 0.122 0.008 0.117 0.008
0.20 0.25 0.088 0.010 0.089 0.006 0.100 0.006 0.109 0.004 0.112 0.006
0.25 0.30 0.059 0.008 0.077 0.005 0.087 0.005 0.091 0.004 0.092 0.005
0.30 0.35 0.034 0.005 0.050 0.005 0.072 0.004 0.069 0.003 0.075 0.004
0.35 0.40 0.022 0.003 0.036 0.003 0.055 0.004 0.055 0.002 0.057 0.003
0.40 0.45 0.015 0.002 0.034 0.003 0.043 0.003 0.044 0.002 0.043 0.003
0.45 0.50 0.012 0.002 0.031 0.003 0.036 0.002 0.035 0.002 0.034 0.002
1.35 1.55 0.10 0.15 0.057 0.009 0.073 0.009 0.061 0.007 0.080 0.008 0.078 0.009
0.15 0.20 0.061 0.007 0.098 0.008 0.106 0.009 0.109 0.006 0.110 0.009
0.20 0.25 0.063 0.007 0.077 0.006 0.102 0.006 0.095 0.004 0.097 0.006
0.25 0.30 0.034 0.005 0.060 0.005 0.077 0.005 0.070 0.004 0.074 0.005
0.30 0.35 0.027 0.004 0.043 0.005 0.051 0.004 0.050 0.002 0.049 0.003
0.35 0.40 0.019 0.003 0.027 0.003 0.036 0.003 0.037 0.002 0.038 0.002
0.40 0.45 0.015 0.002 0.022 0.002 0.026 0.002 0.029 0.002 0.029 0.003
0.45 0.50 0.010 0.002 0.019 0.002 0.020 0.002 0.021 0.002 0.021 0.002
1.55 1.75 0.10 0.15 0.042 0.007 0.068 0.008 0.072 0.009 0.073 0.008 0.084 0.010
0.15 0.20 0.067 0.009 0.085 0.007 0.090 0.006 0.095 0.005 0.090 0.006
0.20 0.25 0.052 0.009 0.073 0.006 0.072 0.005 0.078 0.004 0.078 0.005
0.25 0.30 0.016 0.003 0.057 0.005 0.055 0.005 0.055 0.003 0.054 0.004
0.30 0.35 0.012 0.002 0.035 0.005 0.038 0.003 0.037 0.002 0.041 0.003
0.35 0.40 0.014 0.003 0.020 0.003 0.032 0.003 0.027 0.002 0.027 0.003
0.40 0.45 0.009 0.002 0.012 0.002 0.021 0.002 0.020 0.001 0.018 0.002
0.45 0.50 0.006 0.002 0.008 0.001 0.015 0.002 0.013 0.001 0.014 0.001
1.75 1.95 0.10 0.15 0.038 0.007 0.053 0.006 0.063 0.008 0.063 0.006 0.060 0.008
0.15 0.20 0.052 0.007 0.067 0.006 0.081 0.006 0.086 0.004 0.085 0.006
0.20 0.25 0.029 0.006 0.053 0.005 0.054 0.004 0.061 0.003 0.063 0.004
0.25 0.30 0.020 0.004 0.037 0.004 0.038 0.003 0.039 0.003 0.041 0.003
0.30 0.35 0.013 0.004 0.019 0.003 0.027 0.002 0.024 0.002 0.031 0.002
0.35 0.40 0.006 0.002 0.013 0.002 0.018 0.002 0.017 0.001 0.019 0.003
0.40 0.45 0.004 0.001 0.008 0.001 0.012 0.001 0.012 0.001 0.010 0.002
0.45 0.50 0.003 0.001 0.005 0.001 0.008 0.001 0.009 0.001 0.007 0.001
1.95 2.15 0.10 0.15 0.049 0.008 0.047 0.007 0.062 0.007 0.055 0.006 0.047 0.005
0.15 0.20 0.038 0.006 0.068 0.006 0.061 0.005 0.067 0.003 0.068 0.006
0.20 0.25 0.023 0.005 0.048 0.005 0.046 0.004 0.049 0.002 0.044 0.005
0.25 0.30 0.009 0.003 0.026 0.003 0.025 0.003 0.029 0.002 0.023 0.002
0.30 0.35 0.005 0.002 0.015 0.002 0.017 0.002 0.017 0.001 0.019 0.002
0.35 0.40 0.001 0.001 0.009 0.001 0.012 0.001 0.013 0.001 0.012 0.001
0.40 0.45 0.006 0.001 0.009 0.002 0.008 0.001 0.009 0.001
0.45 0.50 0.003 0.001 0.005 0.001 0.005 0.001 0.006 0.001
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TABLE V: HARP results for the double-di erential 
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=(dpd) for p{C interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.05 0.02 0.12 0.03 0.15 0.03 0.14 0.03
0.20 0.25 0.10 0.02 0.18 0.02 0.20 0.02 0.22 0.02
0.25 0.30 0.15 0.02 0.23 0.02 0.28 0.03 0.28 0.02
0.30 0.35 0.16 0.02 0.25 0.03 0.30 0.02 0.35 0.03
0.35 0.40 0.18 0.02 0.29 0.02 0.33 0.03 0.37 0.02
0.40 0.45 0.19 0.01 0.29 0.02 0.35 0.02 0.35 0.02
0.45 0.50 0.19 0.01 0.29 0.01 0.36 0.02 0.39 0.02
0.50 0.60 0.18 0.01 0.28 0.01 0.36 0.02 0.38 0.02
0.60 0.70 0.13 0.02 0.25 0.02 0.33 0.03 0.33 0.03
0.70 0.80 0.07 0.02 0.18 0.03 0.26 0.04 0.26 0.04
0.55 0.75 0.10 0.15 0.09 0.03 0.09 0.03 0.10 0.03 0.10 0.03
0.15 0.20 0.13 0.02 0.18 0.02 0.19 0.02 0.17 0.02
0.20 0.25 0.20 0.02 0.22 0.02 0.26 0.02 0.26 0.02
0.25 0.30 0.22 0.02 0.27 0.02 0.31 0.03 0.30 0.02
0.30 0.35 0.24 0.02 0.26 0.01 0.29 0.02 0.32 0.02
0.35 0.40 0.21 0.02 0.26 0.01 0.30 0.02 0.32 0.01
0.40 0.45 0.18 0.01 0.23 0.01 0.28 0.01 0.30 0.01
0.45 0.50 0.18 0.01 0.21 0.01 0.26 0.01 0.28 0.01
0.50 0.60 0.11 0.02 0.17 0.01 0.22 0.01 0.24 0.01
0.60 0.70 0.08 0.01 0.12 0.01 0.17 0.02 0.18 0.02
0.70 0.80 0.04 0.01 0.07 0.01 0.12 0.02 0.12 0.02
0.75 0.95 0.10 0.15 0.09 0.02 0.12 0.02 0.12 0.02 0.12 0.02
0.15 0.20 0.17 0.02 0.22 0.02 0.21 0.02 0.20 0.02
0.20 0.25 0.21 0.02 0.25 0.02 0.24 0.02 0.28 0.02
0.25 0.30 0.19 0.02 0.23 0.01 0.25 0.02 0.27 0.01
0.30 0.35 0.20 0.02 0.21 0.01 0.24 0.01 0.24 0.01
0.35 0.40 0.14 0.02 0.17 0.01 0.22 0.01 0.24 0.01
0.40 0.45 0.10 0.01 0.15 0.01 0.18 0.01 0.20 0.01
0.45 0.50 0.08 0.01 0.13 0.01 0.16 0.01 0.17 0.01
0.50 0.60 0.05 0.01 0.09 0.01 0.12 0.01 0.13 0.01
0.60 0.70 0.03 0.01 0.05 0.01 0.07 0.01 0.07 0.01
0.95 1.15 0.10 0.15 0.14 0.02 0.13 0.02 0.12 0.02 0.15 0.02
0.15 0.20 0.22 0.02 0.20 0.02 0.23 0.02 0.23 0.02
0.20 0.25 0.19 0.01 0.21 0.01 0.24 0.01 0.23 0.01
0.25 0.30 0.16 0.01 0.18 0.01 0.22 0.01 0.21 0.01
0.30 0.35 0.10 0.01 0.15 0.01 0.16 0.01 0.17 0.01
0.35 0.40 0.07 0.01 0.12 0.01 0.13 0.01 0.14 0.01
0.40 0.45 0.06 0.01 0.09 0.01 0.11 0.01 0.11 0.01
0.45 0.50 0.04 0.01 0.07 0.01 0.09 0.01 0.09 0.01
0.50 0.60 0.02 0.01 0.04 0.01 0.06 0.01 0.05 0.01
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.14 0.02 0.15 0.02 0.14 0.02 0.14 0.02
0.15 0.20 0.18 0.02 0.20 0.01 0.21 0.01 0.21 0.01
0.20 0.25 0.16 0.01 0.17 0.01 0.20 0.01 0.18 0.01
0.25 0.30 0.09 0.01 0.13 0.01 0.15 0.01 0.16 0.01
0.30 0.35 0.07 0.01 0.10 0.01 0.12 0.01 0.11 0.01
0.35 0.40 0.06 0.01 0.07 0.01 0.08 0.01 0.09 0.01
0.40 0.45 0.03 0.01 0.05 0.01 0.06 0.01 0.07 0.01
0.45 0.50 0.02 0.01 0.03 0.01 0.04 0.01 0.05 0.01
1.35 1.55 0.10 0.15 0.13 0.02 0.14 0.02 0.14 0.02 0.14 0.02
0.15 0.20 0.19 0.02 0.18 0.01 0.20 0.01 0.20 0.01
0.20 0.25 0.14 0.01 0.15 0.01 0.15 0.01 0.15 0.01
0.25 0.30 0.10 0.01 0.12 0.01 0.10 0.01 0.12 0.01
0.30 0.35 0.05 0.01 0.07 0.01 0.08 0.01 0.08 0.01
0.35 0.40 0.03 0.01 0.04 0.01 0.06 0.01 0.06 0.01
0.40 0.45 0.02 0.01 0.03 0.01 0.04 0.01 0.04 0.01
0.45 0.50 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.01
1.55 1.75 0.10 0.15 0.14 0.02 0.13 0.02 0.13 0.02 0.13 0.02
0.15 0.20 0.18 0.02 0.15 0.01 0.16 0.01 0.17 0.01
0.20 0.25 0.09 0.01 0.11 0.01 0.12 0.01 0.11 0.01
0.25 0.30 0.05 0.01 0.07 0.01 0.07 0.01 0.08 0.01
0.30 0.35 0.04 0.01 0.04 0.01 0.05 0.01 0.05 0.01
0.35 0.40 0.02 0.01 0.03 0.01 0.03 0.01 0.04 0.01
0.40 0.45 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01
0.45 0.50 0.01 0.01 0.01 0.01
1.75 1.95 0.10 0.15 0.12 0.02 0.13 0.01 0.12 0.02 0.12 0.01
0.15 0.20 0.13 0.01 0.13 0.01 0.14 0.01 0.14 0.01
0.20 0.25 0.08 0.01 0.09 0.01 0.10 0.01 0.09 0.01
0.25 0.30 0.03 0.01 0.05 0.01 0.06 0.01 0.06 0.01
0.30 0.35 0.02 0.01 0.03 0.01 0.03 0.01 0.03 0.01
0.35 0.40 0.01 0.01 0.02 0.01 0.02 0.01
0.40 0.45 0.01 0.01 0.01 0.01
0.45 0.50
1.95 2.15 0.10 0.15 0.10 0.01 0.10 0.01 0.11 0.01 0.10 0.01
0.15 0.20 0.10 0.01 0.11 0.01 0.11 0.01 0.11 0.01
0.20 0.25 0.06 0.01 0.06 0.01 0.06 0.01 0.07 0.01
0.25 0.30 0.02 0.01 0.03 0.01 0.04 0.01 0.04 0.01
0.30 0.35 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.01




TABLE VI: HARP results for the double-di erential 
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=(dpd) for p{C interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.04 0.02 0.08 0.03 0.12 0.03 0.12 0.03
0.20 0.25 0.05 0.02 0.12 0.02 0.16 0.02 0.18 0.02
0.25 0.30 0.06 0.01 0.13 0.01 0.19 0.01 0.21 0.02
0.30 0.35 0.09 0.01 0.13 0.01 0.20 0.01 0.24 0.01
0.35 0.40 0.08 0.01 0.14 0.01 0.20 0.01 0.22 0.01
0.40 0.45 0.07 0.01 0.13 0.01 0.19 0.01 0.22 0.01
0.45 0.50 0.07 0.01 0.12 0.01 0.18 0.01 0.22 0.01
0.50 0.60 0.06 0.01 0.13 0.01 0.18 0.01 0.22 0.01
0.60 0.70 0.05 0.01 0.12 0.01 0.18 0.01 0.20 0.01
0.70 0.80 0.04 0.01 0.10 0.01 0.16 0.02 0.18 0.02
0.55 0.75 0.10 0.15 0.03 0.02 0.06 0.02 0.06 0.02 0.09 0.03
0.15 0.20 0.08 0.02 0.10 0.02 0.15 0.02 0.15 0.02
0.20 0.25 0.10 0.01 0.15 0.01 0.17 0.01 0.18 0.01
0.25 0.30 0.09 0.01 0.15 0.01 0.18 0.01 0.20 0.01
0.30 0.35 0.09 0.01 0.13 0.01 0.17 0.01 0.20 0.01
0.35 0.40 0.08 0.01 0.13 0.01 0.17 0.01 0.18 0.01
0.40 0.45 0.08 0.01 0.11 0.01 0.17 0.01 0.18 0.01
0.45 0.50 0.07 0.01 0.10 0.01 0.15 0.01 0.18 0.01
0.50 0.60 0.05 0.01 0.10 0.01 0.14 0.01 0.17 0.01
0.60 0.70 0.04 0.01 0.08 0.01 0.12 0.01 0.13 0.01
0.70 0.80 0.03 0.01 0.06 0.01 0.10 0.01 0.11 0.01
0.75 0.95 0.10 0.15 0.04 0.02 0.05 0.01 0.07 0.01 0.09 0.02
0.15 0.20 0.08 0.01 0.12 0.01 0.17 0.01 0.17 0.02
0.20 0.25 0.09 0.01 0.13 0.01 0.17 0.01 0.18 0.01
0.25 0.30 0.08 0.01 0.12 0.01 0.18 0.01 0.18 0.01
0.30 0.35 0.07 0.01 0.12 0.01 0.15 0.01 0.17 0.01
0.35 0.40 0.07 0.01 0.11 0.01 0.15 0.01 0.15 0.01
0.40 0.45 0.05 0.01 0.10 0.01 0.13 0.01 0.13 0.01
0.45 0.50 0.04 0.01 0.08 0.01 0.11 0.01 0.12 0.01
0.50 0.60 0.03 0.01 0.06 0.01 0.09 0.01 0.10 0.01
0.60 0.70 0.02 0.01 0.05 0.01 0.07 0.01 0.07 0.01
0.95 1.15 0.10 0.15 0.05 0.01 0.07 0.01 0.10 0.01 0.10 0.01
0.15 0.20 0.09 0.01 0.14 0.01 0.15 0.01 0.16 0.01
0.20 0.25 0.09 0.01 0.12 0.01 0.14 0.01 0.16 0.01
0.25 0.30 0.09 0.01 0.12 0.01 0.13 0.01 0.15 0.01
0.30 0.35 0.06 0.01 0.09 0.01 0.12 0.01 0.13 0.01
0.35 0.40 0.05 0.01 0.07 0.01 0.10 0.01 0.11 0.01
0.40 0.45 0.03 0.01 0.06 0.01 0.08 0.01 0.09 0.01
0.45 0.50 0.03 0.01 0.05 0.01 0.07 0.01 0.08 0.01
0.50 0.60 0.02 0.01 0.04 0.01 0.05 0.01 0.06 0.01
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.07 0.02 0.08 0.01 0.10 0.01 0.11 0.01
0.15 0.20 0.11 0.01 0.13 0.01 0.15 0.01 0.17 0.01
0.20 0.25 0.07 0.01 0.12 0.01 0.14 0.01 0.14 0.01
0.25 0.30 0.06 0.01 0.10 0.01 0.12 0.01 0.12 0.01
0.30 0.35 0.04 0.01 0.07 0.01 0.09 0.01 0.09 0.01
0.35 0.40 0.02 0.01 0.05 0.01 0.07 0.01 0.08 0.01
0.40 0.45 0.02 0.01 0.04 0.01 0.06 0.01 0.06 0.01
0.45 0.50 0.02 0.01 0.03 0.01 0.04 0.01 0.05 0.01
1.35 1.55 0.10 0.15 0.06 0.01 0.09 0.01 0.10 0.01 0.11 0.01
0.15 0.20 0.08 0.01 0.12 0.01 0.14 0.01 0.13 0.01
0.20 0.25 0.05 0.01 0.10 0.01 0.11 0.01 0.11 0.01
0.25 0.30 0.05 0.01 0.08 0.01 0.08 0.01 0.09 0.01
0.30 0.35 0.04 0.01 0.05 0.01 0.06 0.01 0.06 0.01
0.35 0.40 0.03 0.01 0.04 0.01 0.05 0.01 0.05 0.01
0.40 0.45 0.02 0.01 0.03 0.01 0.04 0.01 0.03 0.01
0.45 0.50 0.01 0.01 0.02 0.01 0.03 0.01 0.03 0.01
1.55 1.75 0.10 0.15 0.07 0.01 0.08 0.01 0.09 0.01 0.10 0.01
0.15 0.20 0.09 0.01 0.12 0.01 0.12 0.01 0.13 0.01
0.20 0.25 0.06 0.01 0.07 0.01 0.09 0.01 0.09 0.01
0.25 0.30 0.03 0.01 0.05 0.01 0.06 0.01 0.07 0.01
0.30 0.35 0.01 0.01 0.04 0.01 0.04 0.01 0.05 0.01
0.35 0.40 0.03 0.01 0.04 0.01 0.03 0.01
0.40 0.45 0.02 0.01 0.03 0.01 0.02 0.01
0.45 0.50 0.01 0.01 0.02 0.01 0.02 0.01
1.75 1.95 0.10 0.15 0.07 0.01 0.08 0.01 0.09 0.01 0.08 0.01
0.15 0.20 0.08 0.01 0.10 0.01 0.10 0.01 0.11 0.01
0.20 0.25 0.04 0.01 0.07 0.01 0.07 0.01 0.07 0.01
0.25 0.30 0.03 0.01 0.04 0.01 0.05 0.01 0.05 0.01
0.30 0.35 0.02 0.01 0.03 0.01 0.03 0.01 0.03 0.01
0.35 0.40 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.01
0.40 0.45 0.01 0.01 0.02 0.01 0.02 0.01
0.45 0.50 0.01 0.01 0.01 0.01
1.95 2.15 0.10 0.15 0.04 0.01 0.06 0.01 0.07 0.01 0.07 0.01
0.15 0.20 0.07 0.01 0.09 0.01 0.08 0.01 0.09 0.01
0.20 0.25 0.04 0.01 0.05 0.01 0.06 0.01 0.06 0.01
0.25 0.30 0.01 0.01 0.03 0.01 0.04 0.01 0.04 0.01
0.30 0.35 0.02 0.01 0.02 0.01 0.02 0.01
0.35 0.40 0.01 0.01 0.01 0.01 0.01 0.01
0.40 0.45 0.01 0.01
0.45 0.50
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TABLE VII:HARP results for the double-di erential
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=(dpd)for p{Alinteractions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c 12:9 G eV=c
0.35 0.55 0.15 0.20 0.156 0.027 0.296 0.045 0.351 0.048 0.407 0.066 0.424 0.064
0.20 0.25 0.203 0.025 0.354 0.030 0.488 0.044 0.559 0.038 0.573 0.038
0.25 0.30 0.226 0.025 0.454 0.038 0.549 0.037 0.667 0.053 0.635 0.042
0.30 0.35 0.282 0.034 0.503 0.036 0.621 0.043 0.662 0.038 0.716 0.051
0.35 0.40 0.297 0.024 0.469 0.027 0.615 0.033 0.723 0.047 0.753 0.043
0.40 0.45 0.308 0.025 0.484 0.027 0.678 0.045 0.758 0.046 0.784 0.034
0.45 0.50 0.314 0.024 0.515 0.030 0.696 0.033 0.779 0.038 0.747 0.029
0.50 0.60 0.297 0.027 0.546 0.032 0.644 0.035 0.761 0.044 0.760 0.036
0.60 0.70 0.199 0.030 0.439 0.048 0.616 0.058 0.739 0.076 0.708 0.072
0.70 0.80 0.112 0.025 0.315 0.054 0.503 0.074 0.569 0.091 0.555 0.095
0.55 0.75 0.10 0.15 0.189 0.046 0.261 0.061 0.225 0.054 0.298 0.074 0.277 0.070
0.15 0.20 0.253 0.029 0.372 0.026 0.395 0.036 0.419 0.035 0.447 0.037
0.20 0.25 0.318 0.031 0.477 0.046 0.570 0.045 0.579 0.041 0.634 0.037
0.25 0.30 0.377 0.037 0.476 0.027 0.615 0.041 0.621 0.039 0.647 0.040
0.30 0.35 0.285 0.025 0.465 0.026 0.583 0.027 0.607 0.028 0.639 0.031
0.35 0.40 0.307 0.032 0.432 0.027 0.580 0.028 0.622 0.038 0.679 0.032
0.40 0.45 0.305 0.022 0.424 0.021 0.523 0.025 0.646 0.029 0.625 0.021
0.45 0.50 0.268 0.021 0.407 0.020 0.504 0.024 0.587 0.028 0.577 0.019
0.50 0.60 0.186 0.024 0.333 0.025 0.485 0.029 0.501 0.035 0.496 0.030
0.60 0.70 0.116 0.021 0.227 0.030 0.340 0.049 0.361 0.053 0.374 0.049
0.70 0.80 0.054 0.019 0.147 0.028 0.233 0.044 0.227 0.043 0.252 0.047
0.75 0.95 0.10 0.15 0.245 0.038 0.302 0.048 0.276 0.048 0.292 0.047 0.317 0.051
0.15 0.20 0.337 0.032 0.410 0.028 0.479 0.032 0.469 0.041 0.534 0.035
0.20 0.25 0.367 0.032 0.443 0.024 0.554 0.035 0.548 0.034 0.620 0.039
0.25 0.30 0.355 0.027 0.437 0.029 0.542 0.028 0.598 0.038 0.573 0.024
0.30 0.35 0.253 0.021 0.381 0.021 0.460 0.022 0.519 0.022 0.532 0.019
0.35 0.40 0.216 0.017 0.347 0.017 0.424 0.020 0.439 0.018 0.489 0.017
0.40 0.45 0.180 0.017 0.280 0.017 0.362 0.017 0.392 0.018 0.413 0.015
0.45 0.50 0.137 0.014 0.242 0.014 0.313 0.017 0.346 0.016 0.358 0.017
0.50 0.60 0.094 0.012 0.180 0.018 0.253 0.021 0.269 0.022 0.287 0.025
0.60 0.70 0.052 0.010 0.104 0.019 0.165 0.028 0.178 0.029 0.167 0.027
0.95 1.15 0.10 0.15 0.229 0.036 0.319 0.041 0.283 0.037 0.291 0.046 0.323 0.045
0.15 0.20 0.385 0.033 0.412 0.021 0.494 0.037 0.521 0.043 0.506 0.028
0.20 0.25 0.324 0.027 0.420 0.031 0.504 0.023 0.519 0.024 0.538 0.028
0.25 0.30 0.244 0.022 0.354 0.022 0.390 0.020 0.404 0.019 0.456 0.021
0.30 0.35 0.169 0.019 0.271 0.015 0.346 0.020 0.341 0.017 0.380 0.013
0.35 0.40 0.128 0.012 0.221 0.012 0.298 0.016 0.288 0.014 0.320 0.010
0.40 0.45 0.084 0.011 0.171 0.012 0.217 0.015 0.245 0.012 0.259 0.014
0.45 0.50 0.059 0.009 0.114 0.013 0.173 0.011 0.201 0.014 0.194 0.017
0.50 0.60 0.037 0.006 0.073 0.010 0.128 0.013 0.137 0.017 0.125 0.014
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.239 0.034 0.320 0.042 0.320 0.044 0.298 0.041 0.355 0.050
0.15 0.20 0.328 0.030 0.428 0.024 0.460 0.027 0.474 0.031 0.483 0.022
0.20 0.25 0.269 0.023 0.344 0.021 0.406 0.019 0.438 0.022 0.438 0.018
0.25 0.30 0.197 0.020 0.245 0.016 0.332 0.018 0.332 0.017 0.347 0.015
0.30 0.35 0.128 0.017 0.198 0.011 0.247 0.013 0.260 0.015 0.258 0.012
0.35 0.40 0.073 0.009 0.140 0.010 0.195 0.012 0.173 0.015 0.199 0.010
0.40 0.45 0.051 0.006 0.103 0.011 0.142 0.011 0.139 0.009 0.140 0.009
0.45 0.50 0.033 0.006 0.072 0.008 0.101 0.010 0.104 0.009 0.105 0.010
1.35 1.55 0.10 0.15 0.214 0.030 0.324 0.041 0.357 0.040 0.354 0.049 0.365 0.051
0.15 0.20 0.334 0.034 0.385 0.024 0.422 0.024 0.433 0.025 0.436 0.020
0.20 0.25 0.255 0.032 0.283 0.018 0.299 0.016 0.356 0.019 0.364 0.015
0.25 0.30 0.112 0.013 0.179 0.011 0.232 0.014 0.241 0.014 0.254 0.014
0.30 0.35 0.076 0.009 0.150 0.010 0.171 0.012 0.178 0.011 0.179 0.009
0.35 0.40 0.054 0.008 0.087 0.009 0.119 0.009 0.137 0.011 0.129 0.008
0.40 0.45 0.035 0.007 0.058 0.008 0.078 0.008 0.089 0.010 0.087 0.009
0.45 0.50 0.021 0.005 0.036 0.006 0.049 0.006 0.058 0.009 0.056 0.008
1.55 1.75 0.10 0.15 0.224 0.033 0.311 0.038 0.310 0.037 0.301 0.039 0.341 0.041
0.15 0.20 0.304 0.026 0.312 0.019 0.360 0.018 0.370 0.023 0.391 0.017
0.20 0.25 0.176 0.019 0.234 0.016 0.228 0.013 0.274 0.020 0.260 0.012
0.25 0.30 0.113 0.013 0.142 0.012 0.171 0.011 0.190 0.013 0.173 0.010
0.30 0.35 0.052 0.009 0.101 0.008 0.118 0.009 0.101 0.011 0.115 0.006
0.35 0.40 0.026 0.006 0.063 0.006 0.075 0.007 0.062 0.005 0.086 0.007
0.40 0.45 0.012 0.004 0.038 0.008 0.047 0.006 0.046 0.005 0.053 0.006
0.45 0.50 0.005 0.002 0.021 0.004 0.028 0.005 0.029 0.005 0.032 0.005
1.75 1.95 0.10 0.15 0.230 0.032 0.281 0.032 0.306 0.034 0.292 0.036 0.296 0.033
0.15 0.20 0.235 0.021 0.292 0.017 0.309 0.022 0.332 0.019 0.315 0.014
0.20 0.25 0.147 0.017 0.193 0.013 0.211 0.014 0.192 0.016 0.207 0.009
0.25 0.30 0.094 0.012 0.093 0.011 0.117 0.011 0.116 0.010 0.126 0.009
0.30 0.35 0.046 0.011 0.051 0.006 0.065 0.006 0.063 0.008 0.078 0.006
0.35 0.40 0.014 0.005 0.034 0.004 0.041 0.005 0.041 0.004 0.049 0.005
0.40 0.45 0.006 0.002 0.020 0.004 0.024 0.004 0.026 0.004 0.031 0.004
0.45 0.50 0.004 0.002 0.012 0.003 0.013 0.003 0.016 0.003 0.017 0.002
1.95 2.15 0.10 0.15 0.228 0.027 0.205 0.025 0.268 0.031 0.223 0.028 0.234 0.029
0.15 0.20 0.189 0.020 0.253 0.016 0.260 0.014 0.246 0.016 0.258 0.011
0.20 0.25 0.084 0.016 0.121 0.012 0.158 0.018 0.140 0.015 0.156 0.009
0.25 0.30 0.040 0.008 0.061 0.008 0.072 0.007 0.073 0.006 0.085 0.007
0.30 0.35 0.015 0.005 0.032 0.004 0.045 0.005 0.046 0.006 0.048 0.004
0.35 0.40 0.008 0.003 0.022 0.003 0.021 0.004 0.031 0.004 0.028 0.003
0.40 0.45 0.006 0.003 0.010 0.002 0.012 0.002 0.015 0.004 0.015 0.002
0.45 0.50 0.003 0.002 0.005 0.002 0.006 0.001 0.007 0.002 0.010 0.002
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TABLE VIII:HARP results for the double-di erential
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=(dpd) for p{Alinteractions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c 12:9 G eV=c
0.35 0.55 0.15 0.20 0.131 0.030 0.243 0.042 0.338 0.051 0.342 0.053 0.397 0.065
0.20 0.25 0.124 0.021 0.258 0.022 0.411 0.037 0.442 0.037 0.492 0.035
0.25 0.30 0.126 0.022 0.289 0.024 0.479 0.027 0.516 0.032 0.548 0.030
0.30 0.35 0.170 0.020 0.312 0.024 0.387 0.023 0.470 0.031 0.529 0.020
0.35 0.40 0.186 0.021 0.293 0.018 0.428 0.034 0.485 0.027 0.468 0.018
0.40 0.45 0.132 0.017 0.262 0.015 0.463 0.026 0.485 0.025 0.475 0.024
0.45 0.50 0.112 0.012 0.257 0.015 0.428 0.022 0.440 0.022 0.473 0.020
0.50 0.60 0.131 0.014 0.246 0.017 0.383 0.022 0.431 0.025 0.458 0.024
0.60 0.70 0.087 0.013 0.217 0.019 0.377 0.029 0.415 0.034 0.454 0.035
0.70 0.80 0.061 0.013 0.166 0.025 0.334 0.040 0.398 0.041 0.388 0.049
0.55 0.75 0.10 0.15 0.075 0.027 0.176 0.047 0.223 0.060 0.275 0.075 0.270 0.066
0.15 0.20 0.115 0.019 0.290 0.024 0.383 0.031 0.353 0.028 0.411 0.030
0.20 0.25 0.196 0.027 0.273 0.020 0.438 0.028 0.389 0.029 0.456 0.024
0.25 0.30 0.164 0.018 0.279 0.018 0.429 0.025 0.443 0.030 0.448 0.021
0.30 0.35 0.153 0.018 0.265 0.016 0.382 0.021 0.447 0.028 0.447 0.020
0.35 0.40 0.143 0.014 0.231 0.012 0.397 0.024 0.371 0.015 0.422 0.015
0.40 0.45 0.130 0.013 0.219 0.015 0.361 0.017 0.374 0.020 0.388 0.012
0.45 0.50 0.119 0.012 0.228 0.014 0.317 0.016 0.374 0.017 0.373 0.013
0.50 0.60 0.095 0.010 0.201 0.013 0.304 0.017 0.337 0.020 0.348 0.016
0.60 0.70 0.076 0.011 0.156 0.017 0.269 0.026 0.287 0.027 0.297 0.026
0.70 0.80 0.055 0.011 0.126 0.020 0.214 0.031 0.240 0.034 0.239 0.034
0.75 0.95 0.10 0.15 0.099 0.025 0.177 0.030 0.243 0.043 0.313 0.054 0.292 0.050
0.15 0.20 0.200 0.023 0.322 0.022 0.394 0.023 0.404 0.023 0.463 0.023
0.20 0.25 0.170 0.019 0.286 0.020 0.384 0.025 0.378 0.031 0.412 0.019
0.25 0.30 0.145 0.015 0.280 0.016 0.350 0.021 0.402 0.021 0.411 0.020
0.30 0.35 0.134 0.015 0.233 0.013 0.327 0.016 0.339 0.015 0.371 0.014
0.35 0.40 0.125 0.012 0.220 0.012 0.304 0.015 0.296 0.014 0.330 0.011
0.40 0.45 0.115 0.012 0.185 0.011 0.267 0.012 0.291 0.013 0.274 0.008
0.45 0.50 0.094 0.011 0.158 0.009 0.241 0.011 0.249 0.014 0.259 0.009
0.50 0.60 0.059 0.010 0.120 0.009 0.205 0.013 0.217 0.014 0.219 0.012
0.60 0.70 0.034 0.006 0.086 0.011 0.158 0.017 0.171 0.018 0.172 0.019
0.95 1.15 0.10 0.15 0.161 0.025 0.190 0.024 0.249 0.032 0.253 0.037 0.301 0.036
0.15 0.20 0.187 0.021 0.305 0.027 0.364 0.024 0.356 0.026 0.408 0.024
0.20 0.25 0.178 0.019 0.300 0.017 0.339 0.018 0.373 0.021 0.392 0.017
0.25 0.30 0.154 0.015 0.227 0.013 0.301 0.016 0.321 0.018 0.340 0.013
0.30 0.35 0.118 0.012 0.186 0.011 0.246 0.013 0.265 0.013 0.269 0.009
0.35 0.40 0.091 0.011 0.147 0.009 0.188 0.009 0.214 0.010 0.232 0.007
0.40 0.45 0.060 0.008 0.128 0.008 0.160 0.007 0.187 0.010 0.191 0.006
0.45 0.50 0.049 0.006 0.097 0.007 0.144 0.009 0.157 0.009 0.166 0.005
0.50 0.60 0.034 0.006 0.072 0.007 0.118 0.008 0.126 0.009 0.132 0.009
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 8:9 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.123 0.020 0.211 0.025 0.266 0.032 0.266 0.037 0.319 0.033
0.15 0.20 0.160 0.018 0.288 0.019 0.346 0.020 0.366 0.023 0.386 0.023
0.20 0.25 0.159 0.017 0.239 0.015 0.305 0.017 0.321 0.018 0.344 0.012
0.25 0.30 0.132 0.015 0.185 0.013 0.257 0.014 0.243 0.014 0.270 0.009
0.30 0.35 0.084 0.011 0.164 0.010 0.181 0.012 0.208 0.012 0.216 0.008
0.35 0.40 0.062 0.009 0.114 0.008 0.142 0.008 0.156 0.010 0.162 0.006
0.40 0.45 0.036 0.006 0.087 0.007 0.115 0.006 0.126 0.008 0.127 0.006
0.45 0.50 0.026 0.004 0.064 0.006 0.094 0.006 0.100 0.007 0.099 0.006
1.35 1.55 0.10 0.15 0.187 0.027 0.224 0.027 0.251 0.027 0.270 0.033 0.305 0.035
0.15 0.20 0.198 0.020 0.247 0.017 0.289 0.017 0.298 0.021 0.341 0.017
0.20 0.25 0.130 0.016 0.209 0.014 0.251 0.013 0.273 0.018 0.284 0.012
0.25 0.30 0.083 0.011 0.130 0.011 0.190 0.012 0.221 0.014 0.221 0.010
0.30 0.35 0.067 0.010 0.107 0.008 0.147 0.009 0.151 0.011 0.160 0.008
0.35 0.40 0.035 0.006 0.091 0.007 0.110 0.007 0.115 0.007 0.117 0.007
0.40 0.45 0.025 0.005 0.066 0.006 0.089 0.006 0.090 0.007 0.083 0.005
0.45 0.50 0.019 0.004 0.044 0.006 0.067 0.006 0.065 0.007 0.062 0.005
1.55 1.75 0.10 0.15 0.140 0.022 0.224 0.025 0.257 0.033 0.267 0.036 0.285 0.030
0.15 0.20 0.151 0.017 0.241 0.015 0.270 0.016 0.300 0.019 0.295 0.014
0.20 0.25 0.101 0.013 0.171 0.013 0.208 0.013 0.229 0.014 0.217 0.010
0.25 0.30 0.064 0.009 0.102 0.009 0.158 0.011 0.171 0.013 0.157 0.008
0.30 0.35 0.046 0.008 0.079 0.006 0.091 0.009 0.095 0.011 0.109 0.007
0.35 0.40 0.020 0.006 0.057 0.005 0.060 0.005 0.068 0.005 0.079 0.005
0.40 0.45 0.009 0.003 0.040 0.005 0.046 0.004 0.049 0.004 0.056 0.004
0.45 0.50 0.006 0.002 0.026 0.004 0.033 0.003 0.040 0.005 0.039 0.003
1.75 1.95 0.10 0.15 0.118 0.019 0.190 0.019 0.227 0.023 0.261 0.029 0.247 0.026
0.15 0.20 0.163 0.018 0.191 0.013 0.235 0.013 0.240 0.015 0.244 0.010
0.20 0.25 0.080 0.012 0.136 0.010 0.168 0.010 0.170 0.012 0.181 0.006
0.25 0.30 0.053 0.009 0.082 0.008 0.129 0.009 0.102 0.008 0.119 0.007
0.30 0.35 0.035 0.007 0.055 0.005 0.070 0.008 0.080 0.006 0.075 0.005
0.35 0.40 0.025 0.006 0.044 0.005 0.047 0.004 0.060 0.005 0.054 0.002
0.40 0.45 0.013 0.004 0.024 0.005 0.037 0.003 0.038 0.005 0.041 0.003
0.45 0.50 0.007 0.003 0.014 0.003 0.026 0.003 0.027 0.004 0.027 0.003
1.95 2.15 0.10 0.15 0.109 0.017 0.132 0.015 0.197 0.019 0.187 0.020 0.206 0.020
0.15 0.20 0.104 0.014 0.173 0.012 0.190 0.012 0.196 0.015 0.187 0.010
0.20 0.25 0.053 0.009 0.103 0.009 0.117 0.009 0.130 0.012 0.136 0.006
0.25 0.30 0.037 0.008 0.066 0.007 0.064 0.008 0.078 0.007 0.085 0.005
0.30 0.35 0.018 0.005 0.038 0.005 0.044 0.004 0.052 0.006 0.052 0.004
0.35 0.40 0.010 0.004 0.024 0.004 0.040 0.004 0.029 0.004 0.036 0.003
0.40 0.45 0.005 0.003 0.012 0.003 0.025 0.004 0.019 0.003 0.026 0.002
0.45 0.50 0.002 0.002 0.008 0.002 0.013 0.003 0.015 0.003 0.018 0.002
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TABLE IX: HARP results for the double-di erential 
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=(dpd) for p{Cu interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.20 0.05 0.54 0.09 0.76 0.13 0.87 0.15
0.20 0.25 0.22 0.05 0.68 0.07 0.94 0.08 1.01 0.08
0.25 0.30 0.46 0.07 0.81 0.06 1.09 0.06 1.32 0.10
0.30 0.35 0.45 0.05 0.86 0.06 1.11 0.08 1.42 0.08
0.35 0.40 0.44 0.05 0.82 0.04 1.20 0.07 1.40 0.07
0.40 0.45 0.37 0.04 0.78 0.04 1.25 0.06 1.31 0.05
0.45 0.50 0.41 0.05 0.78 0.04 1.17 0.05 1.35 0.08
0.50 0.60 0.41 0.04 0.76 0.04 1.13 0.05 1.31 0.07
0.60 0.70 0.30 0.05 0.61 0.07 1.00 0.09 1.19 0.11
0.70 0.80 0.15 0.04 0.39 0.07 0.77 0.11 0.97 0.13
0.55 0.75 0.10 0.15 0.40 0.11 0.40 0.12 0.51 0.15 0.58 0.17
0.15 0.20 0.44 0.06 0.71 0.07 0.91 0.07 0.92 0.08
0.20 0.25 0.46 0.06 0.82 0.05 1.08 0.08 1.28 0.10
0.25 0.30 0.47 0.05 0.81 0.06 1.11 0.06 1.33 0.06
0.30 0.35 0.53 0.08 0.88 0.06 1.12 0.06 1.24 0.06
0.35 0.40 0.58 0.05 0.82 0.04 1.08 0.04 1.25 0.05
0.40 0.45 0.44 0.04 0.66 0.04 0.99 0.04 1.18 0.05
0.45 0.50 0.36 0.04 0.61 0.03 0.94 0.04 1.07 0.04
0.50 0.60 0.26 0.03 0.52 0.04 0.78 0.05 0.88 0.06
0.60 0.70 0.13 0.03 0.35 0.04 0.50 0.06 0.64 0.08
0.70 0.80 0.06 0.02 0.21 0.04 0.33 0.06 0.43 0.08
0.75 0.95 0.10 0.15 0.41 0.10 0.51 0.11 0.56 0.13 0.68 0.15
0.15 0.20 0.56 0.06 0.83 0.06 0.96 0.06 1.19 0.08
0.20 0.25 0.49 0.05 0.82 0.05 1.13 0.08 1.22 0.06
0.25 0.30 0.50 0.05 0.71 0.04 1.06 0.06 1.15 0.07
0.30 0.35 0.37 0.04 0.70 0.04 0.94 0.04 1.15 0.05
0.35 0.40 0.25 0.03 0.58 0.03 0.81 0.03 0.95 0.04
0.40 0.45 0.20 0.02 0.45 0.03 0.67 0.03 0.83 0.03
0.45 0.50 0.18 0.02 0.38 0.02 0.57 0.03 0.67 0.04
0.50 0.60 0.10 0.02 0.27 0.02 0.42 0.03 0.51 0.04
0.60 0.70 0.05 0.01 0.16 0.03 0.26 0.03 0.30 0.05
0.95 1.15 0.10 0.15 0.44 0.09 0.65 0.11 0.66 0.12 0.82 0.16
0.15 0.20 0.59 0.06 0.87 0.05 1.08 0.07 1.14 0.07
0.20 0.25 0.44 0.04 0.66 0.04 0.95 0.04 1.11 0.06
0.25 0.30 0.36 0.04 0.60 0.04 0.80 0.04 0.87 0.05
0.30 0.35 0.26 0.03 0.52 0.03 0.62 0.03 0.76 0.04
0.35 0.40 0.18 0.02 0.39 0.02 0.52 0.03 0.60 0.03
0.40 0.45 0.15 0.02 0.30 0.02 0.42 0.02 0.47 0.03
0.45 0.50 0.11 0.02 0.24 0.02 0.32 0.02 0.38 0.03
0.50 0.60 0.06 0.01 0.15 0.02 0.22 0.02 0.24 0.03
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.51 0.10 0.68 0.14 0.72 0.15 0.78 0.16
0.15 0.20 0.54 0.06 0.81 0.05 1.01 0.07 1.07 0.08
0.20 0.25 0.41 0.04 0.63 0.04 0.87 0.04 1.05 0.05
0.25 0.30 0.31 0.04 0.48 0.03 0.58 0.04 0.73 0.04
0.30 0.35 0.18 0.02 0.32 0.03 0.41 0.02 0.53 0.03
0.35 0.40 0.11 0.02 0.23 0.02 0.33 0.02 0.36 0.02
0.40 0.45 0.08 0.01 0.17 0.01 0.25 0.01 0.26 0.02
0.45 0.50 0.05 0.01 0.12 0.01 0.18 0.01 0.19 0.02
1.35 1.55 0.10 0.15 0.52 0.12 0.70 0.15 0.73 0.18 0.83 0.18
0.15 0.20 0.47 0.05 0.71 0.06 0.90 0.07 0.99 0.09
0.20 0.25 0.30 0.04 0.52 0.04 0.73 0.04 0.84 0.05
0.25 0.30 0.18 0.02 0.34 0.03 0.48 0.04 0.51 0.03
0.30 0.35 0.13 0.02 0.23 0.02 0.32 0.02 0.38 0.02
0.35 0.40 0.07 0.01 0.16 0.01 0.22 0.02 0.29 0.02
0.40 0.45 0.04 0.01 0.11 0.01 0.15 0.01 0.20 0.02
0.45 0.50 0.03 0.01 0.06 0.01 0.10 0.01 0.11 0.02
1.55 1.75 0.10 0.15 0.53 0.13 0.67 0.15 0.83 0.19 0.83 0.20
0.15 0.20 0.43 0.05 0.72 0.05 0.81 0.06 0.87 0.07
0.20 0.25 0.27 0.03 0.46 0.04 0.61 0.04 0.67 0.05
0.25 0.30 0.17 0.03 0.24 0.02 0.34 0.02 0.36 0.03
0.30 0.35 0.13 0.02 0.15 0.01 0.22 0.02 0.23 0.02
0.35 0.40 0.06 0.01 0.12 0.01 0.15 0.01 0.18 0.01
0.40 0.45 0.03 0.01 0.08 0.01 0.09 0.01 0.11 0.01
0.45 0.50 0.02 0.01 0.04 0.01 0.06 0.01 0.06 0.01
1.75 1.95 0.10 0.15 0.50 0.10 0.61 0.10 0.70 0.12 0.70 0.12
0.15 0.20 0.51 0.05 0.60 0.04 0.69 0.04 0.72 0.04
0.20 0.25 0.35 0.05 0.34 0.03 0.44 0.03 0.46 0.03
0.25 0.30 0.08 0.02 0.17 0.02 0.21 0.02 0.26 0.02
0.30 0.35 0.04 0.01 0.10 0.01 0.12 0.01 0.16 0.02
0.35 0.40 0.02 0.01 0.07 0.01 0.09 0.01 0.10 0.01
0.40 0.45 0.01 0.01 0.05 0.01 0.06 0.01 0.06 0.01
0.45 0.50 0.02 0.01 0.03 0.01 0.03 0.01
1.95 2.15 0.10 0.15 0.38 0.06 0.49 0.07 0.56 0.08 0.48 0.08
0.15 0.20 0.42 0.05 0.44 0.03 0.55 0.02 0.56 0.03
0.20 0.25 0.18 0.03 0.26 0.02 0.29 0.02 0.31 0.02
0.25 0.30 0.07 0.02 0.11 0.01 0.14 0.01 0.19 0.02
0.30 0.35 0.04 0.01 0.07 0.01 0.08 0.01 0.10 0.01
0.35 0.40 0.02 0.01 0.04 0.01 0.05 0.01 0.06 0.01
0.40 0.45 0.02 0.01 0.03 0.01 0.04 0.01
0.45 0.50 0.01 0.01 0.02 0.01 0.02 0.01
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TABLE X: HARP results for the double-di erential 
 






=(dpd) for p{Cu interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.15 0.06 0.43 0.08 0.70 0.11 0.85 0.17
0.20 0.25 0.21 0.05 0.48 0.05 0.79 0.07 1.06 0.07
0.25 0.30 0.13 0.04 0.49 0.04 0.89 0.06 1.03 0.06
0.30 0.35 0.18 0.03 0.49 0.03 0.79 0.04 0.99 0.06
0.35 0.40 0.17 0.03 0.47 0.03 0.78 0.04 0.90 0.04
0.40 0.45 0.17 0.02 0.43 0.03 0.74 0.03 0.81 0.03
0.45 0.50 0.19 0.03 0.39 0.02 0.70 0.03 0.75 0.03
0.50 0.60 0.19 0.03 0.41 0.02 0.68 0.03 0.78 0.04
0.60 0.70 0.13 0.02 0.36 0.03 0.63 0.04 0.69 0.06
0.70 0.80 0.10 0.02 0.29 0.03 0.54 0.06 0.63 0.07
0.55 0.75 0.10 0.15 0.27 0.08 0.49 0.13 0.53 0.15 0.57 0.18
0.15 0.20 0.28 0.06 0.56 0.05 0.74 0.07 0.96 0.09
0.20 0.25 0.44 0.06 0.64 0.05 0.81 0.05 1.06 0.06
0.25 0.30 0.20 0.03 0.60 0.04 0.85 0.06 1.02 0.05
0.30 0.35 0.24 0.03 0.52 0.03 0.78 0.04 0.86 0.04
0.35 0.40 0.24 0.03 0.47 0.03 0.67 0.03 0.83 0.04
0.40 0.45 0.21 0.03 0.42 0.02 0.62 0.03 0.78 0.03
0.45 0.50 0.17 0.02 0.37 0.02 0.61 0.02 0.75 0.03
0.50 0.60 0.14 0.02 0.29 0.02 0.54 0.02 0.63 0.04
0.60 0.70 0.09 0.02 0.24 0.02 0.44 0.04 0.49 0.04
0.70 0.80 0.06 0.02 0.19 0.02 0.35 0.04 0.42 0.05
0.75 0.95 0.10 0.15 0.32 0.07 0.48 0.09 0.59 0.12 0.63 0.13
0.15 0.20 0.33 0.05 0.64 0.05 0.86 0.05 0.98 0.06
0.20 0.25 0.24 0.03 0.59 0.04 0.81 0.05 0.92 0.05
0.25 0.30 0.22 0.03 0.47 0.03 0.73 0.04 0.90 0.06
0.30 0.35 0.21 0.03 0.42 0.02 0.64 0.03 0.82 0.04
0.35 0.40 0.23 0.03 0.34 0.02 0.61 0.03 0.73 0.03
0.40 0.45 0.18 0.02 0.28 0.02 0.51 0.02 0.59 0.03
0.45 0.50 0.14 0.02 0.25 0.01 0.42 0.02 0.48 0.02
0.50 0.60 0.10 0.02 0.21 0.01 0.34 0.02 0.40 0.02
0.60 0.70 0.06 0.01 0.17 0.02 0.27 0.02 0.32 0.03
0.95 1.15 0.10 0.15 0.25 0.06 0.55 0.09 0.68 0.11 0.72 0.14
0.15 0.20 0.32 0.05 0.65 0.04 0.84 0.05 0.89 0.06
0.20 0.25 0.32 0.04 0.51 0.04 0.77 0.04 0.83 0.05
0.25 0.30 0.23 0.03 0.43 0.03 0.63 0.03 0.72 0.04
0.30 0.35 0.13 0.02 0.36 0.02 0.51 0.03 0.57 0.03
0.35 0.40 0.11 0.02 0.27 0.02 0.43 0.02 0.49 0.02
0.40 0.45 0.12 0.02 0.22 0.01 0.35 0.02 0.43 0.02
0.45 0.50 0.11 0.02 0.19 0.01 0.29 0.01 0.36 0.02
0.50 0.60 0.07 0.01 0.14 0.01 0.22 0.02 0.25 0.02
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.30 0.07 0.63 0.11 0.71 0.13 0.79 0.17
0.15 0.20 0.38 0.05 0.64 0.05 0.75 0.06 0.97 0.07
0.20 0.25 0.32 0.04 0.48 0.03 0.64 0.04 0.79 0.05
0.25 0.30 0.16 0.03 0.37 0.02 0.51 0.03 0.58 0.03
0.30 0.35 0.15 0.02 0.29 0.02 0.38 0.02 0.45 0.02
0.35 0.40 0.10 0.02 0.20 0.01 0.30 0.01 0.36 0.02
0.40 0.45 0.06 0.01 0.15 0.01 0.24 0.01 0.28 0.02
0.45 0.50 0.04 0.01 0.12 0.01 0.19 0.01 0.20 0.02
1.35 1.55 0.10 0.15 0.39 0.09 0.63 0.13 0.72 0.16 0.80 0.19
0.15 0.20 0.39 0.05 0.57 0.05 0.73 0.06 0.85 0.07
0.20 0.25 0.27 0.04 0.41 0.03 0.53 0.03 0.69 0.04
0.25 0.30 0.20 0.03 0.30 0.02 0.37 0.02 0.47 0.03
0.30 0.35 0.15 0.02 0.20 0.02 0.29 0.02 0.33 0.02
0.35 0.40 0.09 0.02 0.13 0.01 0.21 0.01 0.24 0.02
0.40 0.45 0.07 0.01 0.09 0.01 0.16 0.01 0.18 0.01
0.45 0.50 0.04 0.01 0.06 0.01 0.12 0.01 0.13 0.01
1.55 1.75 0.10 0.15 0.37 0.08 0.56 0.12 0.73 0.17 0.84 0.20
0.15 0.20 0.27 0.04 0.50 0.04 0.66 0.05 0.71 0.06
0.20 0.25 0.20 0.03 0.33 0.03 0.44 0.03 0.50 0.04
0.25 0.30 0.12 0.02 0.19 0.02 0.31 0.02 0.33 0.03
0.30 0.35 0.07 0.01 0.13 0.01 0.21 0.02 0.23 0.02
0.35 0.40 0.04 0.01 0.09 0.01 0.14 0.01 0.17 0.01
0.40 0.45 0.02 0.01 0.06 0.01 0.10 0.01 0.11 0.01
0.45 0.50 0.01 0.01 0.04 0.01 0.07 0.01 0.08 0.01
1.75 1.95 0.10 0.15 0.26 0.05 0.51 0.08 0.63 0.10 0.66 0.11
0.15 0.20 0.21 0.03 0.42 0.03 0.51 0.03 0.64 0.04
0.20 0.25 0.19 0.03 0.28 0.02 0.35 0.02 0.40 0.03
0.25 0.30 0.08 0.02 0.15 0.02 0.22 0.02 0.24 0.02
0.30 0.35 0.06 0.01 0.09 0.01 0.14 0.01 0.14 0.01
0.35 0.40 0.05 0.01 0.06 0.01 0.10 0.01 0.11 0.01
0.40 0.45 0.02 0.01 0.04 0.01 0.07 0.01 0.07 0.01
0.45 0.50 0.01 0.01 0.03 0.01 0.05 0.01 0.05 0.01
1.95 2.15 0.10 0.15 0.26 0.05 0.42 0.06 0.52 0.07 0.55 0.08
0.15 0.20 0.20 0.03 0.31 0.02 0.42 0.02 0.47 0.03
0.20 0.25 0.13 0.03 0.17 0.01 0.25 0.01 0.28 0.02
0.25 0.30 0.06 0.02 0.11 0.01 0.16 0.01 0.15 0.02
0.30 0.35 0.02 0.01 0.07 0.01 0.09 0.01 0.10 0.01
0.35 0.40 0.02 0.01 0.05 0.01 0.05 0.01 0.07 0.01
0.40 0.45 0.01 0.01 0.03 0.01 0.04 0.01 0.06 0.01
0.45 0.50 0.02 0.01 0.03 0.01 0.04 0.01
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TABLE XI: HARP results for the double-di erential 
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=(dpd) for p{Sn interactions. Each row refers to a di erent (pm in  p < pm ax;m in   < m ax)
bin, where p and  are the pion m om entum and polar angle, respectively. The centralvalue as wellas the
square-rootofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.28 0.11 0.74 0.14 1.20 0.18 1.55 0.25
0.20 0.25 0.41 0.10 0.78 0.09 1.42 0.12 1.81 0.16
0.25 0.30 0.55 0.06 1.05 0.10 1.59 0.11 2.18 0.14
0.30 0.35 0.53 0.05 1.00 0.05 1.67 0.11 2.14 0.14
0.35 0.40 0.56 0.05 1.05 0.08 1.64 0.07 2.14 0.07
0.40 0.45 0.50 0.04 1.10 0.06 1.55 0.08 2.21 0.14
0.45 0.50 0.47 0.04 1.10 0.05 1.53 0.06 2.15 0.07
0.50 0.60 0.44 0.04 0.94 0.06 1.45 0.07 2.20 0.12
0.60 0.70 0.36 0.04 0.80 0.08 1.27 0.13 2.12 0.18
0.70 0.80 0.26 0.04 0.47 0.08 0.93 0.16 1.78 0.21
0.55 0.75 0.10 0.15 0.33 0.12 0.76 0.17 0.87 0.21 1.26 0.30
0.15 0.20 0.49 0.08 1.02 0.10 1.53 0.10 1.77 0.14
0.20 0.25 0.59 0.09 1.23 0.09 1.72 0.12 2.19 0.17
0.25 0.30 0.60 0.05 1.11 0.07 1.61 0.10 2.15 0.17
0.30 0.35 0.56 0.05 1.12 0.07 1.54 0.07 2.13 0.10
0.35 0.40 0.46 0.04 1.03 0.05 1.47 0.07 2.08 0.07
0.40 0.45 0.46 0.04 0.87 0.04 1.27 0.05 1.98 0.06
0.45 0.50 0.37 0.04 0.80 0.04 1.21 0.05 1.76 0.07
0.50 0.60 0.27 0.03 0.61 0.05 1.03 0.06 1.53 0.09
0.60 0.70 0.17 0.03 0.38 0.05 0.71 0.10 1.21 0.11
0.70 0.80 0.11 0.02 0.25 0.05 0.43 0.08 0.82 0.12
0.75 0.95 0.10 0.15 0.47 0.10 0.80 0.13 1.07 0.17 1.16 0.20
0.15 0.20 0.63 0.07 1.17 0.07 1.69 0.11 1.95 0.12
0.20 0.25 0.76 0.06 1.22 0.07 1.64 0.09 1.94 0.11
0.25 0.30 0.57 0.05 0.95 0.05 1.45 0.07 1.92 0.11
0.30 0.35 0.57 0.04 0.93 0.06 1.31 0.06 1.78 0.08
0.35 0.40 0.46 0.04 0.73 0.04 1.17 0.05 1.40 0.05
0.40 0.45 0.36 0.03 0.60 0.04 0.99 0.04 1.27 0.05
0.45 0.50 0.30 0.03 0.50 0.03 0.80 0.05 1.11 0.05
0.50 0.60 0.19 0.03 0.35 0.03 0.56 0.05 0.85 0.06
0.60 0.70 0.09 0.02 0.20 0.03 0.32 0.05 0.55 0.06
0.95 1.15 0.10 0.15 0.45 0.09 0.80 0.11 1.13 0.14 1.14 0.17
0.15 0.20 0.68 0.07 1.12 0.07 1.55 0.09 1.82 0.11
0.20 0.25 0.51 0.04 1.01 0.06 1.40 0.09 1.72 0.08
0.25 0.30 0.43 0.04 0.77 0.04 1.16 0.05 1.48 0.07
0.30 0.35 0.29 0.02 0.59 0.04 0.92 0.07 1.20 0.06
0.35 0.40 0.27 0.03 0.50 0.03 0.72 0.04 0.97 0.05
0.40 0.45 0.19 0.03 0.41 0.03 0.65 0.03 0.79 0.05
0.45 0.50 0.14 0.02 0.30 0.02 0.49 0.04 0.64 0.04
0.50 0.60 0.08 0.01 0.20 0.02 0.30 0.03 0.46 0.04
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.57 0.09 0.76 0.10 1.06 0.14 1.10 0.18
0.15 0.20 0.64 0.05 1.09 0.08 1.39 0.10 1.74 0.11
0.20 0.25 0.47 0.04 0.85 0.05 1.22 0.07 1.43 0.07
0.25 0.30 0.40 0.04 0.65 0.04 0.93 0.05 1.09 0.06
0.30 0.35 0.25 0.03 0.46 0.03 0.67 0.05 0.86 0.05
0.35 0.40 0.15 0.02 0.32 0.03 0.48 0.02 0.69 0.04
0.40 0.45 0.10 0.01 0.23 0.02 0.38 0.02 0.51 0.04
0.45 0.50 0.08 0.01 0.18 0.02 0.28 0.03 0.34 0.03
1.35 1.55 0.10 0.15 0.72 0.12 0.86 0.14 1.26 0.21 1.30 0.23
0.15 0.20 0.70 0.06 1.11 0.09 1.44 0.10 1.77 0.16
0.20 0.25 0.44 0.04 0.83 0.06 1.11 0.09 1.29 0.09
0.25 0.30 0.33 0.03 0.52 0.04 0.74 0.05 0.92 0.06
0.30 0.35 0.19 0.03 0.37 0.03 0.52 0.03 0.63 0.05
0.35 0.40 0.11 0.01 0.26 0.02 0.36 0.02 0.48 0.03
0.40 0.45 0.07 0.01 0.16 0.02 0.24 0.02 0.37 0.03
0.45 0.50 0.04 0.01 0.09 0.01 0.17 0.02 0.21 0.03
1.55 1.75 0.10 0.15 0.65 0.12 0.99 0.16 1.27 0.20 1.29 0.23
0.15 0.20 0.71 0.06 1.00 0.08 1.40 0.10 1.57 0.11
0.20 0.25 0.41 0.04 0.68 0.05 0.95 0.07 1.04 0.08
0.25 0.30 0.24 0.03 0.45 0.04 0.57 0.04 0.67 0.04
0.30 0.35 0.13 0.02 0.23 0.02 0.36 0.03 0.46 0.03
0.35 0.40 0.08 0.01 0.18 0.02 0.24 0.02 0.31 0.02
0.40 0.45 0.04 0.01 0.09 0.01 0.16 0.02 0.20 0.02
0.45 0.50 0.03 0.01 0.06 0.01 0.10 0.02 0.12 0.02
1.75 1.95 0.10 0.15 0.60 0.09 0.88 0.10 0.99 0.11 1.01 0.13
0.15 0.20 0.56 0.05 0.77 0.05 1.00 0.05 1.13 0.06
0.20 0.25 0.28 0.03 0.48 0.03 0.62 0.05 0.73 0.04
0.25 0.30 0.15 0.03 0.26 0.03 0.34 0.03 0.40 0.03
0.30 0.35 0.07 0.01 0.15 0.02 0.22 0.02 0.24 0.02
0.35 0.40 0.03 0.01 0.08 0.01 0.14 0.02 0.15 0.02
0.40 0.45 0.01 0.01 0.05 0.01 0.08 0.01 0.10 0.01
0.45 0.50 0.02 0.01 0.05 0.01 0.06 0.01
1.95 2.15 0.10 0.15 0.51 0.07 0.63 0.07 0.75 0.07 0.73 0.08
0.15 0.20 0.45 0.04 0.65 0.04 0.72 0.04 0.90 0.04
0.20 0.25 0.22 0.03 0.36 0.03 0.43 0.03 0.52 0.04
0.25 0.30 0.11 0.02 0.17 0.02 0.24 0.02 0.24 0.03
0.30 0.35 0.05 0.01 0.10 0.01 0.14 0.01 0.17 0.01
0.35 0.40 0.02 0.01 0.05 0.01 0.09 0.01 0.11 0.01
0.40 0.45 0.01 0.01 0.03 0.01 0.05 0.01 0.06 0.01
0.45 0.50 0.02 0.01 0.02 0.01 0.04 0.01
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TABLE XII:HARP results for the double-di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=(dpd)for p{Sn interactions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.33 0.12 0.74 0.13 1.30 0.19 1.62 0.24
0.20 0.25 0.39 0.08 0.74 0.09 1.41 0.11 1.75 0.16
0.25 0.30 0.35 0.06 0.76 0.07 1.36 0.09 1.88 0.12
0.30 0.35 0.36 0.04 0.78 0.05 1.35 0.07 1.78 0.08
0.35 0.40 0.25 0.03 0.66 0.04 1.28 0.06 1.65 0.06
0.40 0.45 0.34 0.04 0.61 0.03 1.16 0.05 1.48 0.05
0.45 0.50 0.29 0.03 0.56 0.03 1.07 0.04 1.42 0.06
0.50 0.60 0.23 0.02 0.50 0.03 0.96 0.05 1.34 0.06
0.60 0.70 0.19 0.03 0.46 0.04 0.86 0.06 1.31 0.09
0.70 0.80 0.13 0.03 0.36 0.05 0.68 0.08 1.16 0.12
0.55 0.75 0.10 0.15 0.30 0.12 0.58 0.15 1.07 0.22 1.21 0.31
0.15 0.20 0.38 0.07 0.97 0.10 1.54 0.10 1.67 0.14
0.20 0.25 0.43 0.06 0.92 0.06 1.35 0.08 1.76 0.13
0.25 0.30 0.39 0.04 0.78 0.05 1.32 0.08 1.66 0.07
0.30 0.35 0.32 0.03 0.67 0.04 1.28 0.06 1.53 0.06
0.35 0.40 0.29 0.03 0.63 0.03 1.09 0.05 1.38 0.06
0.40 0.45 0.27 0.03 0.59 0.03 1.00 0.04 1.27 0.05
0.45 0.50 0.23 0.02 0.52 0.03 0.94 0.04 1.15 0.04
0.50 0.60 0.17 0.02 0.44 0.03 0.77 0.04 1.05 0.05
0.60 0.70 0.13 0.02 0.37 0.03 0.61 0.05 0.88 0.07
0.70 0.80 0.10 0.02 0.25 0.04 0.46 0.07 0.75 0.08
0.75 0.95 0.10 0.15 0.30 0.08 0.70 0.11 1.07 0.14 1.18 0.18
0.15 0.20 0.51 0.07 1.00 0.07 1.55 0.09 1.83 0.12
0.20 0.25 0.45 0.05 0.79 0.05 1.36 0.07 1.66 0.08
0.25 0.30 0.37 0.04 0.78 0.05 1.20 0.06 1.51 0.07
0.30 0.35 0.31 0.03 0.70 0.04 1.05 0.05 1.32 0.05
0.35 0.40 0.28 0.03 0.56 0.03 0.88 0.04 1.15 0.04
0.40 0.45 0.20 0.03 0.47 0.02 0.77 0.03 0.97 0.04
0.45 0.50 0.16 0.02 0.39 0.02 0.63 0.03 0.88 0.04
0.50 0.60 0.13 0.02 0.32 0.02 0.54 0.03 0.73 0.04
0.60 0.70 0.09 0.01 0.24 0.03 0.39 0.04 0.56 0.05
0.95 1.15 0.10 0.15 0.43 0.07 0.69 0.09 1.01 0.12 1.16 0.14
0.15 0.20 0.50 0.05 0.83 0.05 1.30 0.07 1.63 0.09
0.20 0.25 0.37 0.04 0.75 0.05 1.20 0.07 1.39 0.08
0.25 0.30 0.32 0.03 0.70 0.04 1.07 0.05 1.23 0.05
0.30 0.35 0.28 0.03 0.55 0.03 0.80 0.04 1.04 0.05
0.35 0.40 0.21 0.02 0.42 0.03 0.66 0.03 0.84 0.04
0.40 0.45 0.13 0.02 0.31 0.02 0.53 0.03 0.69 0.03
0.45 0.50 0.08 0.01 0.27 0.02 0.44 0.02 0.57 0.03
0.50 0.60 0.05 0.01 0.21 0.02 0.32 0.02 0.44 0.03
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.48 0.08 0.68 0.09 1.00 0.12 1.21 0.19
0.15 0.20 0.37 0.04 0.89 0.06 1.26 0.07 1.59 0.10
0.20 0.25 0.37 0.04 0.76 0.04 1.00 0.05 1.23 0.06
0.25 0.30 0.29 0.03 0.56 0.04 0.83 0.05 0.97 0.05
0.30 0.35 0.19 0.02 0.39 0.03 0.62 0.04 0.76 0.04
0.35 0.40 0.16 0.02 0.31 0.02 0.48 0.03 0.65 0.03
0.40 0.45 0.10 0.02 0.24 0.02 0.38 0.02 0.49 0.03
0.45 0.50 0.07 0.01 0.18 0.02 0.28 0.02 0.36 0.02
1.35 1.55 0.10 0.15 0.45 0.08 0.81 0.13 1.06 0.17 1.45 0.26
0.15 0.20 0.50 0.05 0.98 0.07 1.33 0.09 1.64 0.11
0.20 0.25 0.38 0.04 0.68 0.05 0.93 0.06 1.20 0.07
0.25 0.30 0.24 0.03 0.48 0.04 0.76 0.05 0.86 0.06
0.30 0.35 0.18 0.02 0.32 0.02 0.52 0.05 0.60 0.04
0.35 0.40 0.12 0.02 0.24 0.02 0.34 0.02 0.43 0.03
0.40 0.45 0.07 0.01 0.15 0.01 0.26 0.02 0.32 0.02
0.45 0.50 0.04 0.01 0.10 0.01 0.19 0.02 0.24 0.02
1.55 1.75 0.10 0.15 0.46 0.08 0.74 0.11 0.91 0.14 1.37 0.23
0.15 0.20 0.55 0.05 0.87 0.06 1.28 0.09 1.43 0.10
0.20 0.25 0.33 0.03 0.56 0.04 0.77 0.06 0.95 0.06
0.25 0.30 0.17 0.03 0.35 0.03 0.53 0.04 0.64 0.05
0.30 0.35 0.10 0.01 0.25 0.02 0.37 0.03 0.47 0.04
0.35 0.40 0.06 0.01 0.16 0.02 0.25 0.02 0.31 0.02
0.40 0.45 0.04 0.01 0.10 0.01 0.17 0.01 0.22 0.02
0.45 0.50 0.02 0.01 0.08 0.01 0.12 0.01 0.16 0.01
1.75 1.95 0.10 0.15 0.41 0.05 0.60 0.07 0.81 0.09 0.94 0.12
0.15 0.20 0.35 0.03 0.58 0.04 0.89 0.04 1.01 0.05
0.20 0.25 0.22 0.03 0.40 0.03 0.55 0.03 0.62 0.04
0.25 0.30 0.14 0.02 0.24 0.02 0.36 0.03 0.40 0.03
0.30 0.35 0.09 0.02 0.16 0.01 0.26 0.02 0.27 0.02
0.35 0.40 0.06 0.01 0.09 0.01 0.18 0.01 0.18 0.01
0.40 0.45 0.03 0.01 0.07 0.01 0.12 0.01 0.15 0.01
0.45 0.50 0.02 0.01 0.05 0.01 0.08 0.01 0.10 0.01
1.95 2.15 0.10 0.15 0.33 0.04 0.58 0.05 0.72 0.05 0.80 0.07
0.15 0.20 0.32 0.04 0.50 0.04 0.67 0.04 0.73 0.04
0.20 0.25 0.16 0.02 0.25 0.02 0.39 0.02 0.46 0.02
0.25 0.30 0.08 0.02 0.15 0.02 0.26 0.02 0.31 0.02
0.30 0.35 0.04 0.01 0.11 0.01 0.15 0.02 0.19 0.02
0.35 0.40 0.02 0.01 0.07 0.01 0.10 0.01 0.11 0.01
0.40 0.45 0.01 0.01 0.04 0.01 0.08 0.01 0.08 0.01
0.45 0.50 0.03 0.01 0.07 0.01 0.05 0.01
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TABLE XIII:HARP results for the double-di erential
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=(dpd)for p{Ta interactions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.14 0.09 0.60 0.20 1.16 0.30 1.42 0.41
0.20 0.25 0.39 0.10 0.93 0.15 1.54 0.19 2.06 0.23
0.25 0.30 0.54 0.06 1.16 0.11 2.00 0.14 2.39 0.18
0.30 0.35 0.55 0.08 1.27 0.09 2.13 0.16 2.50 0.13
0.35 0.40 0.69 0.06 1.24 0.08 2.12 0.10 2.72 0.16
0.40 0.45 0.68 0.06 1.23 0.07 2.03 0.08 2.60 0.10
0.45 0.50 0.66 0.05 1.22 0.06 2.01 0.13 2.56 0.09
0.50 0.60 0.55 0.05 1.15 0.06 2.02 0.11 2.42 0.13
0.60 0.70 0.30 0.06 0.91 0.09 1.78 0.18 2.20 0.21
0.70 0.80 0.18 0.04 0.57 0.10 1.22 0.20 1.79 0.24
0.55 0.75 0.10 0.15 0.29 0.13 0.73 0.26 0.98 0.37 1.00 0.41
0.15 0.20 0.51 0.11 0.99 0.16 1.79 0.19 1.91 0.26
0.20 0.25 0.71 0.08 1.34 0.13 2.10 0.15 2.84 0.21
0.25 0.30 0.67 0.07 1.35 0.09 2.13 0.13 2.72 0.13
0.30 0.35 0.61 0.06 1.30 0.08 2.17 0.09 2.74 0.13
0.35 0.40 0.67 0.05 1.19 0.06 1.91 0.11 2.64 0.11
0.40 0.45 0.54 0.05 1.06 0.05 1.87 0.09 2.46 0.09
0.45 0.50 0.47 0.04 0.96 0.05 1.65 0.09 2.19 0.09
0.50 0.60 0.28 0.04 0.78 0.06 1.41 0.10 1.82 0.12
0.60 0.70 0.16 0.03 0.48 0.07 0.95 0.13 1.24 0.14
0.70 0.80 0.08 0.02 0.30 0.05 0.58 0.11 0.93 0.14
0.75 0.95 0.10 0.15 0.53 0.13 1.05 0.22 1.13 0.30 1.19 0.32
0.15 0.20 0.75 0.08 1.42 0.11 2.06 0.12 2.31 0.19
0.20 0.25 0.77 0.06 1.49 0.11 2.15 0.14 2.57 0.14
0.25 0.30 0.72 0.06 1.31 0.08 1.92 0.09 2.39 0.12
0.30 0.35 0.61 0.05 1.05 0.06 1.78 0.08 2.16 0.09
0.35 0.40 0.46 0.04 0.96 0.05 1.53 0.08 1.78 0.08
0.40 0.45 0.40 0.04 0.82 0.05 1.33 0.06 1.66 0.07
0.45 0.50 0.31 0.03 0.63 0.04 1.14 0.06 1.45 0.07
0.50 0.60 0.19 0.03 0.43 0.04 0.82 0.07 1.06 0.08
0.60 0.70 0.06 0.02 0.25 0.04 0.48 0.07 0.63 0.09
0.95 1.15 0.10 0.15 0.69 0.14 1.08 0.18 1.40 0.27 1.65 0.33
0.15 0.20 0.81 0.06 1.42 0.10 2.06 0.13 2.53 0.18
0.20 0.25 0.75 0.06 1.32 0.07 1.98 0.11 2.57 0.11
0.25 0.30 0.61 0.05 1.06 0.06 1.67 0.08 2.03 0.09
0.30 0.35 0.40 0.04 0.79 0.05 1.30 0.08 1.66 0.08
0.35 0.40 0.34 0.03 0.63 0.03 1.02 0.07 1.27 0.07
0.40 0.45 0.27 0.03 0.49 0.03 0.82 0.05 1.04 0.05
0.45 0.50 0.17 0.03 0.34 0.03 0.65 0.04 0.81 0.06
0.50 0.60 0.09 0.02 0.21 0.02 0.38 0.04 0.50 0.05
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.71 0.15 1.08 0.20 1.64 0.29 2.02 0.39
0.15 0.20 0.87 0.07 1.35 0.10 2.03 0.17 2.51 0.20
0.20 0.25 0.68 0.05 1.17 0.07 1.84 0.10 2.19 0.13
0.25 0.30 0.43 0.04 0.84 0.05 1.29 0.08 1.57 0.10
0.30 0.35 0.31 0.04 0.65 0.04 0.90 0.06 1.18 0.07
0.35 0.40 0.22 0.02 0.48 0.03 0.66 0.04 0.94 0.05
0.40 0.45 0.14 0.02 0.33 0.03 0.49 0.03 0.70 0.04
0.45 0.50 0.08 0.01 0.23 0.03 0.36 0.03 0.47 0.04
1.35 1.55 0.10 0.15 0.62 0.15 1.15 0.24 1.61 0.35 2.13 0.41
0.15 0.20 0.86 0.10 1.41 0.13 1.91 0.21 2.47 0.24
0.20 0.25 0.72 0.06 1.11 0.09 1.64 0.11 1.98 0.13
0.25 0.30 0.41 0.04 0.67 0.05 1.06 0.07 1.31 0.09
0.30 0.35 0.26 0.02 0.43 0.03 0.75 0.05 0.83 0.07
0.35 0.40 0.16 0.02 0.28 0.03 0.50 0.04 0.58 0.04
0.40 0.45 0.09 0.01 0.18 0.02 0.32 0.03 0.38 0.03
0.45 0.50 0.05 0.01 0.11 0.01 0.22 0.02 0.25 0.03
1.55 1.75 0.10 0.15 0.68 0.15 1.05 0.22 1.57 0.37 1.85 0.44
0.15 0.20 0.78 0.08 1.31 0.12 1.69 0.17 2.12 0.21
0.20 0.25 0.62 0.06 1.00 0.07 1.36 0.09 1.68 0.11
0.25 0.30 0.33 0.04 0.57 0.05 0.74 0.06 0.97 0.08
0.30 0.35 0.18 0.02 0.35 0.03 0.48 0.03 0.58 0.06
0.35 0.40 0.09 0.02 0.19 0.02 0.32 0.03 0.35 0.03
0.40 0.45 0.05 0.01 0.10 0.01 0.21 0.02 0.22 0.02
0.45 0.50 0.03 0.01 0.06 0.01 0.14 0.02 0.14 0.02
1.75 1.95 0.10 0.15 0.78 0.12 1.03 0.19 1.28 0.20 1.43 0.25
0.15 0.20 0.65 0.05 1.09 0.06 1.39 0.08 1.66 0.10
0.20 0.25 0.44 0.04 0.71 0.05 0.97 0.06 1.08 0.07
0.25 0.30 0.20 0.03 0.38 0.04 0.54 0.05 0.66 0.06
0.30 0.35 0.09 0.01 0.21 0.02 0.32 0.03 0.33 0.03
0.35 0.40 0.06 0.01 0.12 0.02 0.19 0.02 0.22 0.02
0.40 0.45 0.06 0.03 0.08 0.01 0.12 0.01 0.16 0.02
0.45 0.50 0.01 0.01 0.04 0.01 0.07 0.01 0.09 0.02
1.95 2.15 0.10 0.15 0.72 0.12 0.92 0.14 1.04 0.16 1.33 0.21
0.15 0.20 0.55 0.05 0.80 0.05 1.09 0.05 1.25 0.06
0.20 0.25 0.28 0.03 0.51 0.03 0.64 0.05 0.76 0.04
0.25 0.30 0.13 0.02 0.26 0.03 0.34 0.04 0.44 0.05
0.30 0.35 0.06 0.01 0.13 0.02 0.19 0.02 0.18 0.02
0.35 0.40 0.03 0.01 0.07 0.01 0.11 0.02 0.11 0.01
0.40 0.45 0.02 0.01 0.05 0.01 0.05 0.01 0.07 0.01
0.45 0.50 0.01 0.01 0.02 0.01 0.03 0.01 0.04 0.01
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TABLE XIV:HARP results for the double-di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=(dpd)for p{Ta interactions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.33 0.12 0.80 0.23 1.31 0.31 1.70 0.41
0.20 0.25 0.34 0.08 0.89 0.13 1.59 0.16 2.02 0.23
0.25 0.30 0.41 0.07 1.10 0.12 1.77 0.14 2.26 0.17
0.30 0.35 0.47 0.05 0.94 0.07 1.88 0.11 2.15 0.10
0.35 0.40 0.47 0.05 0.88 0.06 1.67 0.08 2.05 0.10
0.40 0.45 0.38 0.04 0.77 0.04 1.49 0.07 1.83 0.07
0.45 0.50 0.30 0.03 0.72 0.05 1.42 0.06 1.64 0.08
0.50 0.60 0.25 0.03 0.74 0.04 1.28 0.07 1.57 0.09
0.60 0.70 0.22 0.03 0.64 0.05 1.15 0.08 1.47 0.13
0.70 0.80 0.18 0.03 0.46 0.07 0.92 0.11 1.27 0.15
0.55 0.75 0.10 0.15 0.37 0.16 0.82 0.27 1.18 0.39 1.37 0.45
0.15 0.20 0.54 0.09 1.27 0.16 1.74 0.18 2.21 0.25
0.20 0.25 0.46 0.05 1.18 0.09 1.99 0.14 2.48 0.16
0.25 0.30 0.52 0.06 1.07 0.08 1.91 0.10 2.33 0.09
0.30 0.35 0.37 0.04 0.97 0.06 1.57 0.08 2.15 0.09
0.35 0.40 0.30 0.03 0.89 0.05 1.43 0.07 1.89 0.07
0.40 0.45 0.35 0.05 0.75 0.04 1.33 0.06 1.69 0.06
0.45 0.50 0.38 0.03 0.65 0.03 1.18 0.05 1.50 0.06
0.50 0.60 0.25 0.03 0.56 0.03 1.05 0.05 1.31 0.06
0.60 0.70 0.16 0.02 0.44 0.04 0.84 0.08 1.12 0.10
0.70 0.80 0.11 0.02 0.33 0.05 0.64 0.08 0.89 0.12
0.75 0.95 0.10 0.15 0.54 0.13 0.99 0.20 1.42 0.32 1.81 0.39
0.15 0.20 0.71 0.07 1.29 0.10 2.04 0.13 2.32 0.16
0.20 0.25 0.65 0.06 1.12 0.08 1.87 0.10 2.46 0.16
0.25 0.30 0.55 0.05 0.99 0.05 1.68 0.08 2.22 0.10
0.30 0.35 0.38 0.04 0.82 0.05 1.33 0.06 1.90 0.09
0.35 0.40 0.33 0.03 0.72 0.04 1.22 0.06 1.57 0.07
0.40 0.45 0.27 0.03 0.64 0.03 1.01 0.05 1.33 0.05
0.45 0.50 0.19 0.02 0.57 0.03 0.88 0.04 1.12 0.05
0.50 0.60 0.14 0.02 0.46 0.03 0.71 0.04 0.92 0.05
0.60 0.70 0.09 0.01 0.30 0.04 0.56 0.05 0.69 0.07
0.95 1.15 0.10 0.15 0.74 0.12 1.30 0.21 1.86 0.29 2.12 0.36
0.15 0.20 0.65 0.06 1.39 0.08 2.13 0.13 2.32 0.13
0.20 0.25 0.55 0.05 1.02 0.07 1.69 0.09 2.11 0.12
0.25 0.30 0.48 0.04 0.87 0.05 1.42 0.08 1.80 0.08
0.30 0.35 0.37 0.03 0.69 0.04 1.10 0.06 1.45 0.07
0.35 0.40 0.29 0.03 0.54 0.03 0.89 0.04 1.13 0.06
0.40 0.45 0.22 0.02 0.43 0.02 0.75 0.03 0.91 0.05
0.45 0.50 0.14 0.02 0.35 0.02 0.60 0.03 0.72 0.04
0.50 0.60 0.08 0.01 0.26 0.02 0.46 0.03 0.53 0.04
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.86 0.15 1.36 0.23 2.11 0.36 2.66 0.46
0.15 0.20 0.67 0.06 1.28 0.09 2.07 0.14 2.37 0.17
0.20 0.25 0.50 0.04 0.96 0.06 1.58 0.09 1.84 0.11
0.25 0.30 0.36 0.04 0.73 0.05 1.20 0.08 1.44 0.08
0.30 0.35 0.22 0.02 0.56 0.04 0.85 0.05 1.00 0.06
0.35 0.40 0.18 0.02 0.43 0.03 0.67 0.04 0.80 0.04
0.40 0.45 0.12 0.02 0.30 0.02 0.51 0.03 0.68 0.04
0.45 0.50 0.07 0.01 0.22 0.02 0.41 0.03 0.53 0.04
1.35 1.55 0.10 0.15 0.73 0.15 1.31 0.25 2.37 0.47 3.06 0.66
0.15 0.20 0.61 0.07 1.14 0.12 1.87 0.18 2.34 0.22
0.20 0.25 0.42 0.04 0.82 0.07 1.32 0.10 1.74 0.12
0.25 0.30 0.29 0.03 0.62 0.05 0.90 0.07 1.21 0.08
0.30 0.35 0.19 0.02 0.42 0.04 0.60 0.04 0.85 0.07
0.35 0.40 0.12 0.02 0.29 0.02 0.45 0.03 0.61 0.04
0.40 0.45 0.08 0.01 0.21 0.02 0.34 0.02 0.46 0.03
0.45 0.50 0.05 0.01 0.14 0.01 0.27 0.02 0.34 0.03
1.55 1.75 0.10 0.15 0.80 0.16 1.34 0.27 1.84 0.38 2.54 0.53
0.15 0.20 0.56 0.07 1.06 0.10 1.62 0.16 2.10 0.21
0.20 0.25 0.35 0.04 0.73 0.05 1.11 0.08 1.44 0.10
0.25 0.30 0.19 0.02 0.49 0.04 0.67 0.05 0.86 0.07
0.30 0.35 0.13 0.02 0.31 0.03 0.43 0.04 0.61 0.05
0.35 0.40 0.09 0.01 0.22 0.02 0.30 0.02 0.41 0.03
0.40 0.45 0.05 0.01 0.14 0.01 0.21 0.01 0.30 0.02
0.45 0.50 0.04 0.01 0.10 0.01 0.15 0.01 0.21 0.02
1.75 1.95 0.10 0.15 0.79 0.11 1.28 0.20 1.54 0.23 2.07 0.31
0.15 0.20 0.48 0.05 0.95 0.06 1.27 0.08 1.58 0.11
0.20 0.25 0.25 0.03 0.53 0.04 0.81 0.05 0.99 0.07
0.25 0.30 0.14 0.02 0.32 0.03 0.51 0.04 0.58 0.04
0.30 0.35 0.11 0.02 0.22 0.02 0.28 0.03 0.41 0.03
0.35 0.40 0.08 0.01 0.14 0.02 0.21 0.01 0.26 0.02
0.40 0.45 0.05 0.01 0.09 0.01 0.18 0.01 0.20 0.02
0.45 0.50 0.03 0.01 0.06 0.01 0.12 0.01 0.12 0.01
1.95 2.15 0.10 0.15 0.59 0.11 1.12 0.16 1.43 0.17 1.85 0.29
0.15 0.20 0.50 0.05 0.80 0.06 0.99 0.05 1.24 0.07
0.20 0.25 0.21 0.03 0.39 0.03 0.57 0.03 0.73 0.05
0.25 0.30 0.09 0.02 0.23 0.02 0.36 0.03 0.42 0.04
0.30 0.35 0.04 0.01 0.14 0.02 0.19 0.02 0.25 0.02
0.35 0.40 0.03 0.01 0.09 0.01 0.15 0.01 0.15 0.02
0.40 0.45 0.02 0.01 0.05 0.01 0.11 0.01 0.11 0.01
0.45 0.50 0.02 0.01 0.03 0.01 0.07 0.01 0.09 0.01
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TABLE XV:HARP results for the double-di erential
+






=(dpd)for p{Pb interactions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.31 0.11 0.85 0.22 1.15 0.32 1.38 0.41
0.20 0.25 0.29 0.08 0.87 0.15 1.75 0.20 2.04 0.26
0.25 0.30 0.49 0.10 1.18 0.13 2.13 0.15 2.66 0.25
0.30 0.35 0.76 0.08 1.27 0.11 2.19 0.13 2.61 0.17
0.35 0.40 0.67 0.07 1.34 0.09 2.21 0.10 2.84 0.18
0.40 0.45 0.76 0.07 1.38 0.10 2.20 0.09 2.53 0.13
0.45 0.50 0.65 0.06 1.42 0.08 1.99 0.08 2.40 0.12
0.50 0.60 0.48 0.06 1.27 0.08 1.96 0.09 2.53 0.16
0.60 0.70 0.26 0.04 0.99 0.10 1.71 0.16 2.19 0.22
0.70 0.80 0.18 0.03 0.67 0.12 1.12 0.18 1.76 0.23
0.55 0.75 0.10 0.15 0.35 0.15 0.69 0.25 0.84 0.35 1.02 0.46
0.15 0.20 0.56 0.09 1.31 0.17 1.75 0.22 2.19 0.29
0.20 0.25 0.70 0.09 1.46 0.11 2.31 0.15 2.87 0.22
0.25 0.30 0.73 0.07 1.46 0.11 2.21 0.13 3.13 0.20
0.30 0.35 0.60 0.05 1.31 0.09 2.16 0.12 2.79 0.14
0.35 0.40 0.61 0.07 1.08 0.08 2.07 0.11 2.65 0.13
0.40 0.45 0.62 0.06 1.16 0.09 1.87 0.08 2.58 0.14
0.45 0.50 0.44 0.05 1.17 0.07 1.63 0.08 2.41 0.12
0.50 0.60 0.31 0.04 0.86 0.08 1.33 0.08 1.96 0.14
0.60 0.70 0.18 0.03 0.48 0.08 0.93 0.11 1.39 0.14
0.70 0.80 0.10 0.02 0.27 0.06 0.59 0.11 0.98 0.16
0.75 0.95 0.10 0.15 0.52 0.13 0.83 0.21 1.20 0.31 1.29 0.39
0.15 0.20 0.87 0.09 1.54 0.14 2.25 0.14 2.78 0.20
0.20 0.25 0.86 0.08 1.40 0.10 2.25 0.14 2.91 0.19
0.25 0.30 0.67 0.06 1.20 0.12 1.98 0.11 2.69 0.15
0.30 0.35 0.59 0.05 1.14 0.07 1.83 0.08 2.39 0.13
0.35 0.40 0.47 0.05 0.97 0.06 1.65 0.07 2.06 0.11
0.40 0.45 0.37 0.04 0.79 0.05 1.38 0.06 1.92 0.10
0.45 0.50 0.29 0.03 0.66 0.04 1.17 0.05 1.61 0.10
0.50 0.60 0.19 0.03 0.44 0.05 0.81 0.07 1.10 0.10
0.60 0.70 0.11 0.02 0.25 0.04 0.47 0.07 0.70 0.09
0.95 1.15 0.10 0.15 0.55 0.13 1.02 0.20 1.40 0.25 1.55 0.36
0.15 0.20 0.92 0.08 1.56 0.11 2.31 0.17 3.00 0.20
0.20 0.25 0.68 0.07 1.43 0.09 2.01 0.13 2.68 0.16
0.25 0.30 0.71 0.07 1.12 0.10 1.56 0.10 2.07 0.13
0.30 0.35 0.48 0.05 0.84 0.07 1.31 0.09 1.74 0.11
0.35 0.40 0.32 0.04 0.72 0.05 1.07 0.06 1.62 0.10
0.40 0.45 0.25 0.03 0.55 0.04 0.85 0.05 1.33 0.08
0.45 0.50 0.16 0.02 0.45 0.04 0.65 0.04 0.96 0.08
0.50 0.60 0.09 0.02 0.24 0.03 0.44 0.05 0.59 0.07
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.67 0.14 1.27 0.21 1.68 0.28 1.75 0.35
0.15 0.20 0.90 0.08 1.49 0.10 2.32 0.15 2.88 0.23
0.20 0.25 0.64 0.06 1.17 0.08 1.96 0.10 2.53 0.15
0.25 0.30 0.51 0.05 0.92 0.06 1.32 0.07 1.87 0.13
0.30 0.35 0.32 0.04 0.64 0.05 0.91 0.07 1.27 0.09
0.35 0.40 0.21 0.03 0.45 0.04 0.74 0.04 0.89 0.06
0.40 0.45 0.15 0.02 0.32 0.03 0.55 0.04 0.65 0.05
0.45 0.50 0.10 0.02 0.22 0.03 0.37 0.03 0.43 0.05
1.35 1.55 0.10 0.15 0.79 0.15 1.39 0.27 1.74 0.35 1.83 0.40
0.15 0.20 0.90 0.08 1.46 0.11 2.08 0.17 2.51 0.20
0.20 0.25 0.72 0.06 1.02 0.07 1.68 0.09 2.01 0.14
0.25 0.30 0.36 0.05 0.66 0.05 1.01 0.06 1.53 0.11
0.30 0.35 0.21 0.03 0.47 0.05 0.71 0.05 0.89 0.08
0.35 0.40 0.13 0.02 0.32 0.03 0.53 0.04 0.63 0.06
0.40 0.45 0.07 0.01 0.21 0.02 0.40 0.03 0.43 0.04
0.45 0.50 0.05 0.01 0.14 0.02 0.23 0.03 0.27 0.03
1.55 1.75 0.10 0.15 0.80 0.17 1.21 0.23 1.62 0.32 1.93 0.42
0.15 0.20 0.73 0.07 1.38 0.11 1.83 0.12 2.28 0.16
0.20 0.25 0.52 0.05 0.96 0.07 1.38 0.09 1.71 0.12
0.25 0.30 0.29 0.04 0.56 0.05 0.81 0.05 1.00 0.09
0.30 0.35 0.17 0.02 0.38 0.04 0.54 0.04 0.65 0.06
0.35 0.40 0.11 0.02 0.25 0.02 0.37 0.03 0.46 0.04
0.40 0.45 0.06 0.01 0.16 0.02 0.23 0.02 0.31 0.04
0.45 0.50 0.04 0.01 0.11 0.01 0.15 0.02 0.18 0.03
1.75 1.95 0.10 0.15 0.81 0.13 1.02 0.17 1.47 0.21 1.64 0.28
0.15 0.20 0.67 0.06 1.23 0.08 1.60 0.08 1.97 0.12
0.20 0.25 0.36 0.04 0.75 0.07 1.03 0.07 1.29 0.10
0.25 0.30 0.16 0.03 0.36 0.04 0.56 0.04 0.62 0.07
0.30 0.35 0.09 0.02 0.22 0.03 0.32 0.03 0.40 0.04
0.35 0.40 0.07 0.02 0.14 0.02 0.20 0.02 0.21 0.03
0.40 0.45 0.04 0.01 0.09 0.01 0.13 0.02 0.12 0.02
0.45 0.50 0.02 0.01 0.06 0.01 0.06 0.01 0.07 0.01
1.95 2.15 0.10 0.15 0.88 0.13 0.81 0.12 1.13 0.17 1.41 0.22
0.15 0.20 0.64 0.06 0.93 0.06 1.19 0.06 1.40 0.11
0.20 0.25 0.36 0.05 0.56 0.05 0.74 0.06 1.04 0.09
0.25 0.30 0.15 0.03 0.25 0.05 0.39 0.04 0.44 0.06
0.30 0.35 0.07 0.02 0.13 0.02 0.19 0.02 0.24 0.03
0.35 0.40 0.03 0.01 0.10 0.01 0.11 0.01 0.16 0.02
0.40 0.45 0.02 0.01 0.06 0.01 0.06 0.01 0.09 0.02
0.45 0.50 0.02 0.01 0.03 0.01 0.04 0.01 0.06 0.02
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TABLE XVI:HARP results for the double-di erential
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=(dpd)for p{Pb interactions. Each row refers to a di erent(pm in  p < pm ax;m in   < m ax) bin,
wherep and  arethepion m om entum and polarangle,respectively.Thecentralvalueaswellasthesquare-root
ofthe diagonalelem entsofthe covariance m atrix are given.






(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
0.35 0.55 0.15 0.20 0.20 0.10 0.72 0.24 1.47 0.32 1.90 0.46
0.20 0.25 0.33 0.09 0.78 0.16 1.85 0.21 2.36 0.26
0.25 0.30 0.37 0.06 0.94 0.10 2.02 0.12 2.67 0.23
0.30 0.35 0.34 0.05 1.01 0.11 1.87 0.10 2.40 0.14
0.35 0.40 0.39 0.05 1.07 0.07 1.67 0.08 2.04 0.12
0.40 0.45 0.34 0.04 0.80 0.06 1.58 0.07 1.74 0.09
0.45 0.50 0.35 0.04 0.72 0.05 1.42 0.06 1.66 0.12
0.50 0.60 0.30 0.04 0.75 0.05 1.34 0.06 1.58 0.11
0.60 0.70 0.18 0.03 0.67 0.07 1.22 0.09 1.45 0.13
0.70 0.80 0.15 0.03 0.46 0.08 1.03 0.11 1.51 0.17
0.55 0.75 0.10 0.15 0.43 0.15 0.93 0.32 1.26 0.41 1.72 0.54
0.15 0.20 0.39 0.09 1.37 0.16 1.91 0.20 2.38 0.30
0.20 0.25 0.49 0.08 1.19 0.10 2.14 0.13 2.36 0.15
0.25 0.30 0.53 0.06 1.20 0.08 2.06 0.11 2.55 0.21
0.30 0.35 0.44 0.05 1.00 0.08 1.87 0.10 2.26 0.11
0.35 0.40 0.42 0.05 1.02 0.07 1.52 0.08 2.01 0.10
0.40 0.45 0.32 0.04 0.84 0.06 1.33 0.06 1.81 0.09
0.45 0.50 0.30 0.03 0.68 0.05 1.25 0.06 1.57 0.08
0.50 0.60 0.25 0.03 0.58 0.04 1.10 0.05 1.42 0.08
0.60 0.70 0.16 0.03 0.47 0.05 0.88 0.07 1.17 0.10
0.70 0.80 0.10 0.02 0.35 0.06 0.67 0.08 0.92 0.12
0.75 0.95 0.10 0.15 0.64 0.14 1.19 0.23 1.77 0.36 1.78 0.40
0.15 0.20 0.62 0.07 1.45 0.10 2.24 0.13 2.83 0.24
0.20 0.25 0.55 0.07 1.15 0.08 2.07 0.10 2.69 0.15
0.25 0.30 0.47 0.05 1.11 0.09 1.79 0.09 2.20 0.15
0.30 0.35 0.35 0.04 0.98 0.07 1.52 0.07 2.14 0.11
0.35 0.40 0.34 0.04 0.76 0.05 1.21 0.06 1.74 0.09
0.40 0.45 0.23 0.03 0.59 0.05 1.08 0.05 1.48 0.08
0.45 0.50 0.19 0.02 0.47 0.03 0.93 0.04 1.27 0.07
0.50 0.60 0.16 0.02 0.40 0.03 0.76 0.04 0.99 0.07
0.60 0.70 0.11 0.02 0.32 0.03 0.59 0.06 0.70 0.09
0.95 1.15 0.10 0.15 0.62 0.12 1.40 0.22 2.14 0.32 2.43 0.39
0.15 0.20 0.70 0.07 1.46 0.11 2.29 0.13 3.02 0.20
0.20 0.25 0.56 0.06 1.09 0.08 1.85 0.10 2.66 0.16
0.25 0.30 0.40 0.04 0.96 0.08 1.49 0.07 2.10 0.12
0.30 0.35 0.30 0.03 0.83 0.06 1.15 0.06 1.73 0.10
0.35 0.40 0.29 0.03 0.63 0.05 0.96 0.05 1.38 0.08
0.40 0.45 0.28 0.03 0.47 0.04 0.78 0.04 1.06 0.07
0.45 0.50 0.20 0.03 0.36 0.03 0.66 0.03 0.81 0.06
0.50 0.60 0.10 0.02 0.25 0.02 0.50 0.03 0.60 0.04
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(rad) (rad) (G eV=c) (G eV=c) barn=(rad G eV=c)
3 G eV=c 5 G eV=c 8 G eV=c 12 G eV=c
1.15 1.35 0.10 0.15 0.63 0.12 1.51 0.24 2.39 0.37 3.18 0.51
0.15 0.20 0.68 0.07 1.47 0.09 2.20 0.15 2.97 0.21
0.20 0.25 0.54 0.05 1.01 0.08 1.70 0.10 2.28 0.14
0.25 0.30 0.33 0.04 0.77 0.06 1.25 0.07 1.61 0.11
0.30 0.35 0.21 0.03 0.58 0.05 0.94 0.06 1.12 0.08
0.35 0.40 0.15 0.02 0.42 0.03 0.70 0.04 0.89 0.05
0.40 0.45 0.13 0.02 0.33 0.03 0.55 0.03 0.74 0.05
0.45 0.50 0.09 0.02 0.27 0.02 0.45 0.03 0.60 0.05
1.35 1.55 0.10 0.15 0.95 0.20 1.51 0.27 2.36 0.46 3.78 0.67
0.15 0.20 0.68 0.06 1.29 0.10 2.09 0.13 2.84 0.18
0.20 0.25 0.44 0.05 0.89 0.07 1.50 0.09 1.89 0.13
0.25 0.30 0.27 0.04 0.54 0.05 1.03 0.07 1.27 0.09
0.30 0.35 0.15 0.02 0.37 0.03 0.68 0.05 0.89 0.07
0.35 0.40 0.15 0.02 0.30 0.02 0.50 0.03 0.72 0.05
0.40 0.45 0.09 0.02 0.25 0.02 0.37 0.03 0.57 0.05
0.45 0.50 0.05 0.01 0.19 0.02 0.26 0.02 0.40 0.04
1.55 1.75 0.10 0.15 1.05 0.16 1.36 0.25 2.14 0.39 3.43 0.65
0.15 0.20 0.57 0.06 1.17 0.09 1.78 0.10 2.48 0.15
0.20 0.25 0.41 0.05 0.75 0.06 1.13 0.07 1.38 0.10
0.25 0.30 0.28 0.04 0.44 0.04 0.81 0.06 0.93 0.07
0.30 0.35 0.14 0.03 0.34 0.03 0.51 0.04 0.67 0.05
0.35 0.40 0.09 0.01 0.24 0.03 0.35 0.03 0.48 0.04
0.40 0.45 0.07 0.01 0.15 0.02 0.25 0.02 0.33 0.03
0.45 0.50 0.05 0.01 0.10 0.01 0.19 0.01 0.23 0.03
1.75 1.95 0.10 0.15 0.85 0.13 1.19 0.19 1.78 0.25 2.61 0.45
0.15 0.20 0.48 0.05 1.06 0.06 1.42 0.07 1.89 0.12
0.20 0.25 0.32 0.04 0.64 0.06 0.83 0.05 1.15 0.08
0.25 0.30 0.18 0.03 0.30 0.03 0.56 0.04 0.67 0.06
0.30 0.35 0.09 0.02 0.23 0.02 0.33 0.03 0.39 0.05
0.35 0.40 0.09 0.02 0.17 0.02 0.24 0.01 0.28 0.03
0.40 0.45 0.06 0.02 0.12 0.02 0.20 0.01 0.23 0.02
0.45 0.50 0.03 0.01 0.08 0.01 0.14 0.01 0.17 0.02
1.95 2.15 0.10 0.15 0.74 0.13 0.97 0.17 1.56 0.21 2.02 0.31
0.15 0.20 0.44 0.05 0.74 0.05 1.16 0.05 1.37 0.09
0.20 0.25 0.18 0.03 0.40 0.05 0.65 0.04 0.93 0.08
0.25 0.30 0.10 0.02 0.23 0.03 0.39 0.03 0.53 0.06
0.30 0.35 0.07 0.02 0.14 0.03 0.22 0.03 0.30 0.04
0.35 0.40 0.03 0.01 0.08 0.01 0.14 0.01 0.23 0.03
0.40 0.45 0.02 0.01 0.09 0.01 0.10 0.01 0.15 0.02
0.45 0.50 0.01 0.01 0.08 0.01 0.08 0.01 0.09 0.02
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